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Crime prevention aided 
by Telechron Timing Motors 


Most bank robbers take no chances on a vault 
that can screech a warning of their presence. 


In fact, official records of the Diebold Corpor- 
ation — makers of Bank Vault Burglar Alarm 
Systems — show that robbers who have at- 
tempted such an attack were so panic-stricken 
by the alarm, they left their tools behind them, 
thus leading to their own identification and arrest! 
These same records also show that nearly 2000 
successful bank robberies on unprotected vaults 
were committed between 1903 and 1948. During 
the same period, only 97 attacks were made on 
Diebold-protected vaults—none of them successful. 


Because the Diebold Alarm System must per- 
form unfailingly at all times, the Telechron Tim- 
ing Motor is specified. It is instantly, constantly 
synchronous . . . gives accurate performance. 


Are YOU Well Timed? 


Perhaps you, too, need to depend upon a tim- 
ing device that offers you split-second accuracy. 
If so, a standard Telechron Timing Motor is 
probably the answer for you. A Telechron ap- 
plication engineer, backed by the broadest ex- 
perience in the field, can show you how you can 
save time and money with Telechron. Consult 
him early in your planning. Meanwhile, send the 
coupon below for further data. TELECHRON 
INC. A General Electric Affiliate. 
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20 Union Street — 
Ashland, Massachusetts 
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In friction materials, R/M can always fit the prod- 


uct to the need... because R/M makes ‘em all! 


When you entrust your brake and clutch problems to R/M, there’s no 
chance of getting a ‘‘misfit’”’ material. R/M, the largest producer in 
this field, makes every known type of friction material . . . and is con- 
stantly developing new types for new and different applications. Thus 
your R/M representative has no axe to grind for any one kind of 
material. Whatever your needs, he can recommend the right friction 
product ... and he can call on the productive capacity of four great 


plants to make deliveries that suit your schedule. 


RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION 620 Fisher Bidg., Detroit 2, Mich. 


445 Lake Shore Drive, Chicago 11, Ill. 4651 Pacific Blvd., Los Angeles 11, Calif. 
1071 Union Commerce Bidg., Cleveland 14, Ohio 
Factories: Bridgeport, Conn. Manheim, Pa. Passaic, N. J. No. Charleston, S.C, 


RAYBESTOS-MANHATTAN, INC., Manufacturers of Brake Linings ¢ Brake Blocks ¢ Clutch Facings 
Fan Belts « Radiator Hose « Mechanical Rubber Products « Rubber Covered Equipment « Packings FIRST IN a RI CTION 


Asbestos Textiles » Powdered Metal Products «+ Abrasive and Diamond Wheels «+ Bowling Balls 











RASH SWITCH for aircraft service intend- 

ed to actuate fire-extinguishing equipment, 

fuel and oil valves, battery cut-out switches, etc., 

suppresses crash hazards before they assume 

major proportions. Piston actuated, the switch 

operates automatically at an airframe decelera- 
tion of 3g or more. 


ELECTRONIC RECTIFIERS are being used in 
increasing numbers by the steel industry to con- 
vert purchased alternating current to direct cur- 
rent required for rolling mills. Rectifiers, ac- 
cording to L. A. Umansky of GE, are displac- 
ing motor-generators in certain mills because of 
savings in installation, electricity and mainte- 
nance costs. 


STEAM-ATMOSPHERE tempering and strain 
relieving is applicable to both ferrous and non- 
ferrous parts. As a final operation to steel and 
iron pieces, the method imparts a blue oxide 
finish. 


MAGNESIUM-ALLOY aircraft skin seven 
times as thick as that of the normal thin alu- 
minum-alloy skin is being studied by the Air 
Materiel Command. The thick-skin plane would 
require fewer fittings and fastenings and dis- 
pense with internal formers and supports. Fuel 
space added by this change has extended the 
range of one model by 30 per cent. 


MOLECULAR BONDING by the AL-Fin proc- 
ess is employed in the production of a new 
hobbed and shaved aluminum alloy gear with a 
steel hub. Lighter and stronger than molded 
resin and fiber gears, the new gears are claimed 
to be as quiet in operation as the composition 


type. 


ATOMIC ENERGY DATA classified as non- 
secret will be more easily available to American 
business firms under a new distribution plan an- 
nounced jointly by the Atomic Energy Com- 
mission and the U. S. Department of Commerce. 
A clearing house for other types of nonsecret 
federal technical information, the Office ot Tech- 
nical Services of the Department of Commerce 
will also be the sales agency and reference 
source for nonsecret AEC technical reports. 


WOPICS 











POROUS METAL sheets are being produced 
by the Wel-Met Company to provide a variety 
of filtering characteristics or air and liquid flow. 
The powdered metal sheets are being used on 
high-speed airplanes to control the boundary- 
layer effect of rapid air flow over wing surfaces 
and as wind tunnel linings through which air at 
positive or negative pressure can pass. Sweat- 
cooling of surfaces by pumping liquids through 
porous bronze or nickel is also being investi- 
gated. 


METAL COATING of such products as plas- 
tics, glass, paper and textiles is now available 
on a production basis. According to F. J. 
Stokes Machine Company, the vacuum metalliz- 
ing process is being employed successfully to de- 
posit aluminum, gold, silver, bronze, nickel, zinc, 
and other metals. 


PLASTIC MOLDING techniques have cut four 
or five months off the tooling time normally re- 
quired to produce the dies for an entire pas- 
senger car body. By means of plastic molding, 
a final plaster model for use in die-carving ma- 
chines is made as a duplicate of the original 
clay model. Tedious, time-consuming carving 
of wood formerly used for the machine master 
has been eliminated. 


STANDARDIZATION of bolt, nut and cap 
screw dimensions among British, Canadian and 
American groups is an expected sequel to the re- 
cent unification of screw thread standards. Rep- 
resentatives of the three. countries will recom- 
mend two series: bolts, nuts and cap screws for 
heavy-duty machinery and a selection based, in 
all but one case, on present proposed American 
standards for either regular or light series. By 
unification of these details, benefits of the screw 
thread standardization program will be extended 
to include uniform clearances for wrenching. 


OLD RAILROAD RAILS are transformed into 
many useful products without remelting, accord- 
ing to the American Iron and Steel Institute. 
Heated to rolling temperature, the rails are first 
slit into three parts—head, web and flange— 
and then rolled to the required size and shape. 
Concrete reinforcing bars, structural tubing and 
light rails are the principal products rolled. 
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Let’s Put Them to Work! 


DISTURBING picture of the quality of America’s fighting potential is painted 
by the distinguished military critic Hanson W. Baldwin in the July 15 issue 
of The Saturday Evening Post. In an article bearing the provocative title 

“We're Not the Best in the World” he concludes that, good as we were, we did not in 
the last war possess the best soldiers, the best generals, or the best equipment. With 
a few notable exceptions, he points out, our forces won battles only when numerical- 
ly superior by a comfortable margin. He credits the successful outcome of the war 
to our ability to throw into the struggle, along with our allies, vast quantities of men 
and equipment. 

What should be particularly shattering to our complacency as engineers is Mr. 
Baldwin’s carefully documented charge that in the design of much military equipment 
we were woefully behind our enemies and some of our allies. Here he is referring 
particularly to overall design of complete military machines—guns, torpedoes, tanks, 
aircraft, warships—conceding that war equipment and components based on commer- 
cially developed designs were often superior to those of other nations. 

Mass production being so much part and parcel of our nation’s development it 
is entirely natural that this capacity should represent our major contribution to 
victory. Moreover we are not on the whole a military-minded nation and while ag- 
gressor nations were devoting a major portion of their efforts to training soldiers 
and building armaments we were only too eager to allow this sort of activity to be- 
come a very minor part of our peacetime economy. In other words, military design 
has been desultory compared with commercial design. 

As the so-called cold war progresses into a shooting war with the Korean out- 
break, the free world will continue to look toward the U. S. to supply the fighting 
forces which the United Nations will require to wage the struggle against Commun- 
ist aggression. It is unlikely that we shall ever again enjoy the overwhelming supe- 
riority in numbers that helped us in the last war. Instead, our resources must be 
thinly spread out at the ends of extended supply lines against an enemy with inte- 
rior lines. Consequently, superior quality alone can save the day. 

If Mr. Baldwin’s analysis is correct—and early reports from the Korean battle- 
field seem to confirm his findings—the job of developing powerful and efficient fight- 
ing machines cannot be left solely in the hands of the military experts. If the free 
world is to survive, the military experts and engineering management in industry 
must collaborate to bring the full talents and imagination of America’s top-flight 
design engineers to the task. Industry has the brains; it requires only that they be 


put to work in the proper places. 
4 . 
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OR many years the design of positive displace- 
ment pumps and motors has been based on em- 
pirical standards and rule-of-thumb methods. Al- 
though such procedures have produced phenomenally 
successful hydraulic pumps, motors and transmis- 
sions, recent applications, especially in servomechan- 
isms, have required more basic considerations than 
were necessary in previous days. Investigations di- 
rected toward the determination of basic facts have 
revealed the fundamental mechanics of the positive 
displacement pump and motor. It is now possible to 
design a pump or motor with some degree of con- 
fidence and predict its performance characteristics 
with reasonable assurance. There remain, however, 
a number of unsolved problems that require addition- 
al research to bring to light the facts necessary for 
the formulation of a completely sound design proce- 
dure. 
A study of several designs of pumps, motors and 
transmissions reveals that there exists even today a 
rather widespread lack of understanding of the basic 


Fig. 1 — Right—Radial- 
piston variable - dis- 
placement pump 


Fig. 2 — Center—Axial- 
piston pump 


Fig. 3—Extreme right— 
Vane variable-displace- 
ment pump 


Hydraulic Pumps and Motors 


New performance equations aid design of positive displacement units 








principles which govern the operation of pumps and 
motors of the positive displacement type. This can 
readily be seen from the claims made for new pumps 
and motors of radical design. There are several 
reasons for this situation but two are outstanding. 
First, there has not been available until recently any 
textbook devoted to the design of such mechanical 
devices. Second, most designers of pumps and motors 
are mechanical engineers who by education and ex- 
perience have been concerned primarily with the 
mechanical and not the hydraulic aspects of machines. 

Even a hasty inspection of textbooks on design of 
centrifugal pumps and reaction turbines reveals the 
essentially hydraulic character of the most important 
features of such design. That the hydraulic factors 
play an egually important role in positive displace- 
ment design is not so well recognized. 

It is the purpose here to point out the hydraulic 
factors so important in positive displacement design 
and to review some of the more recent developments 
in this field. Basic performance equations describing 
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By Warren E. Wilson 
President 
South Dakota School of Mines and Technology 
Rapid City, S. Dak. 





andj pump and motor performance will be introduced and 
can{ the concepts included in these equations will be con- 
mps} sidered. Design considerations which are derived 
oralj from these equations will be set forth and discussed. 
ing.J In conclusion, recommendations for future research 
any} will be made. 

“ Basic ELEMENTS: Five basic elements of a posi- 
ors 


tive displacement pump or motor contribute to the 
€X-} hydraulic action. These are not always obvious but 
the} it will be shown that each type of pump or motor 
nes. includes these five elements regardless of the type unit 


be it may be. The five basic elements are: 
the 
| 1. A surface of fixed area, the positive displacement 
ant ; 
element, capable of moving through a channel of 

‘ors fixed cross-sectional area 
ace- 2. A means of admitting liquid to the channel 

3. A means of discharging liquid from the channel 
ulic 4. A means of sealing the inlet from the outlet 
sign 5. A means of removing the positive displacement 
nts element from action. 
ing These elements can be described by citing examples 
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in three different types of pumps; namely, the piston 
pump, vane pump and gear pump. These are shown 
in TABLE 1. 

These basic elements are necessary and sufficient 
for the purpose of accomplishing pumping by posi- 
tive displacement. The positive displacement pump- 
ing cycle from which the necessity for these elements 
is derived may be described as follows: 


1. Liquid flows into space created by motion of posi- 
tive displacement element away from inlet 

2. Liquid is confined in a channel of constant cross 
section and transported from inlet to outlet region 

3. Liquid is forced out of outlet passage by advance 
of positive displacement element. 


This cycle and the action of the positive displace- 
ment element are reviewed briefly for each of the 
three types of pumps. 


Piston Pump: The inlet valve opens and provides 
passage for liquid to enter the cylinder behind the pis- 
ton as it moves in the cylinder. Pressure upstream 
forces the liquid into the cavity formed by the move- 
ment of the piston. When the piston reaches the end 
of the stroke, its motion is reversed, the inlet valve 
closes and the discharge valve opens. The piston 


advances and forces the liquid ahead of it through - 
At the end of the stroke the pis- 


the outlet passage. 














Nomenclature ¢ 

b = Width of slip passage 
Ca = Coefficient of viscous drag 
C; = Coefficient of dry friction 
C, = Coefficient of slip 

D = Displacement, volume per revolution 

l= Length of slip passage 

n = Speed, revolutions per unit time 
Ap = Difference in pressure between outlet and in- 


let, force per unit area 
Pi, = Power input 
Pout = Power output 
QY = Actual delivery, volume per unit time 
Q; = Ideal delivery, volume per unit time 
Q, = Loss in delivery due to cavitation, volume per 


unit time 
Q, = Slip flow (or delivery), volume per unit time 
T = Torque 
6 = Clearance between flat plates (analogy of slip 
passage) 
7 = Overall efficiency 


”,» = Volumetric efficiency 
= Dynamic viscosity of liquid 





ton stops, reverses its motion and repeats the cycle. 
Radial and axial-piston pumps are shown in Figs. 1 
and 2. 

Vane Pump: The inlet to the vane pump is always 
open and provides the necessary inlet for the liquid 
continuously. As a vane moves away from the inlet 
it reaches the seal position and then forms a barrier 
between the inlet region and the liquid which is be- 
ing forced ahead of the vane. Liquid on the inlet 
side will follow the retreating surface of the vane 
due to the pressure in the inlet passage upstream from 
the vane. If the speed of the vane is too great, the 
pressure may not be sufficient to keep the space be- 
hind the vane filled with liquid. In that case cavita- 
tion results with the formation of pockets of air or 
vapor. Liquid ahead of a vane is confined between 
two adjacent vanes after the trailing vane passes the 
seal point. While confined between two vanes the 
liquid is transported until the leading vane passes the 
seal point on the discharge side. The confined liquid 
then enters the high-pressure zone and is forced into 
the discharge passage by the positive action of the ad- 
vancing vane. This vane is then displaced from ac- 
tion by the vane guides and eventually passes from 
the outlet region past the dividing seal into the inlet 


Table 1—Examples of Basic Pump Elements 


region again and the cycle is repeated. A vane pump 
of the variable-displacement type is illustrated in 
Fig. 3. 

Gear Pump: Action of the gear teeth in a gear 
pump is essentially the same as the action of the vane 
of a vane pump and the cycle follows the same order 
as in the vane pump. The gear teeth are removed 
from action and pass through the dividing seal when 
they mesh. Actions of the vane and the gear pumps 
differ therefore only in the nature of the seal sep- 
arating inlet and discharge areas and in the method 
of removing the teeth from positive displacement ac- 
tion. Figs. 4, 5 and 6 show various types of gear 
pumps. 

ELEMENTARY PERFORMANCE CONCEPTS: The elemen- 
tary ideas which are in vogue to describe the perform- 
ance of positive displacement pumps and motors can 
be summarized very briefly. Power input, power out- 
put, volumetric efficiency, and overall efficiency are 
commonly used to describe pump and motor perform- 
ance. 

The power input to a pump is the product of the 
torque which is necessary to drive the pump and the 
angular speed of the shaft to which the torque is ap- 
plied (see Nomenclature) : 


The power output of a pump is the product of the 
volume rate of flow and the difference in pressure be- 
tween outlet and inlet: 


eee 


The volumetric efficiency of a pump is defined as 
the ratio between the actual delivery of the pump and 


the ideal delivery which would be indicated by the 
geometrical displacement of the pump: 
Q 
Nv cee ewed o- 
Qi 


The ideal delivery is in turn: 


The overall efficiency of a pump is simply the ratio 
of the power output to the power input: 





Pout ~ Q (Ap) (5) 


7 a Q27Tn 


The performance of a motor is described by the 


Table 2—Frictional Properties of Hydraulic Units 











Element Piston Pump Vane Pump Gear Pump 

1 Piston in cylinder Vane in space be- Gear tooth in space 
tween rotor and between housing and 
housing gear body 

2 Inlet passage Inlet passage Inlet passage 

3 Discharge passage Discharge passage Discharge passage 

4 Valves Dividing seal Meshing of gears 

5 Stopping and re- Retracting of vane Meshing of gears 


versal of motion 
of piston 


No. Hydraulic Unit D Se Cr 





(cu in. per rev) (in-Ib) 

1 Internal-gear pump 1.205 ‘ 13 0 

2 Internal-gear pump 2.965 0 0.0446 
3 Spur-gear pump 2.965 0 0.179 
4 Vane pump 2.865 0 0.212 
5 Herringbone-gear pump 0.652 4 0.200 
6 Piston motor 2.060 7 0.067 
7 Piston motor 1.000 12 0.094 
8 Piston motor 3.365 17 0.0875 
9 Internal-gear pump 1.800 13 0.075 
10 Piston pump 3.600 0 0.045 
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same quantities used in pump performance descrip- 
tion but the equations defining the various elements 
of performance are as follows: 





Pin = Q(Ap) ..... 5‘ ' P (6) 
Powe = 22Tn . wie ad a% ay eeereie (7) 
2 
. 9 ; Po wath ee wae Seeeas as oerad (8) 
_ 27Tn 
Q (Ap) - 


These elementary equations sufficed for many years 
for the description of pump and motor performance 
but recent developments indicated the desirability of 
a more complete description of the characteristics of 
pump and motor performance. 


NEW PERFORMANCE EQUATIONS: Performance of a 
positive displacement pump can be described quite 
adequately by the following equations (see Nomen- 
clature) : 





C,D(Ap) 
mt ee = @ .. co csi lene (10) 
27 
(Ap)D C;D (Ap) 
T= - ‘tte + +8... (11) 
Qo 27 


The corresponding equations for a motor are: 





C,D (Ap) 
27 
(Ap)D C;D (Ap) 
z= — CaDun — eens = Ze (13) 
2a 27 


These equations contain sufficient terms to describe 
the various items that contribute to the performance 
characteristics of positive displacement pumps and 
motors, provided the clearances between moving parts 
and the viscosity of the liquid are such that the local 
heating of the liquid does not materially change the 
viscosity of the liquid. If such is not the case the 
coefficients C, and C, will not be constants but will 
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Fig. 4 — Left—Spur-gear 
pump 


Fig. 5 — Right—Internal- 
gear pump 





show a variation with speed, viscosity and pressure 
differential. 


INTERPRETATION OF EQUATIONS: These new perform- 
ance equations contain several concepts which are of 
interest to the design engineer and have been em- 
ployed in design studies directed toward the improve- 
ment of pump performance. 

Equation 10, describing the delivery of a pump or 
motor, states simply that the delivery of a pump is 
equal to the geometrical displacement multiplied by 
the angular speed of the shaft less the slip flow and 
less the loss in delivery due to cavitation. It implies 
that the slip flow is due to laminar flow of the liquid 
through small passages within the pump. Slip flow 
is contained in the term C,D(Ap)/2zp. Slip flow 
due to laminar flow of the liquid through small pass- 
ages can be described by the equation for laminar 
flow between parallel flat plates: 

(Ap) b88 

Qa; ~ Tt OE OE ee PE ee 
When the slip flows for all small passages are 
summed up and the total expressed in terms of the 
appropriate variables, the quantities Ap/12, are com- 
mon to each term of the sum and can be factored out 
of the series. The various terms of the series being 
summed, of the form b§*/1, have the dimension length 
to the third power. The geometrical displacement D 
also has the dimension length cubed. Hence by the 
reasoning that displacement is related to geometrical 
characteristics of the pump in roughly the same man- 
ner as the width and length of slip path and clear- 
nace, the term b§*/I is replaced by C,D. The coef- 
ficient C, then becomes an index of the geometrical 
features of the pump that contribute to slip. 

Equation 11, for torque, describes the torque in a 
manner similar to that used in the description of de- 
livery. The ideal torque required to drive a pump is 
said to be the torque required to rotate the shaft 
when the pressure differential is Ap, namely, (Ap) D/ 
2r. In addition, the viscous drag developed between 
a moving and a stationary surface with small clear- 
ance causes a retarding torque of magnitude, C, 
Dun. This term is of the form necessary to describe 
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Fig. 6—Herringbone-gear pump 


viscous torque, drag being proportional to the rela- 
tive speed of the moving surfaces which in turn must 
be proportional to the angular speed of the shaft. The 
drag is also proportional to the viscosity of the liquid 
between the moving surface and the stationary one, 
proportional to the area of the surface and inversely 
proportional to the distance between the surfaces. 
The use of the quantity C,D to replace a term con- 
sisting of a summation of terms containing the quan- 
tities b, 1, § and the radius of the pump rotor is jus- 
tified in the same manner as the use of the term C,D 
in describing slip flow. 

Retarding torque C,;D(Ap)/2r is a dry friction 
torque originating at some location such as a journal 
bearing or other supporting element where the drag 
is proportional to the supported load which in turn 
is proportional to the pressure differential. 

Torque loss 7, should not exist in a well-designed 
pump because it represents a torque caused by a 
force generated at metal-to-metal contact which is 
unlubricated and is not affected by the load due to 
pressure differential. Such torque can be caused by 
a rough spot on a moving surface rubbing a sta- 
tionary surface. 

The concept of torque efficiency, introduced re- 
cently, is useful in evaluating pump and motor de- 
signs. In a pump it is the ratio of ideal torque to 
actual torque and in a motor it is the ratio of actual 
torque output to ideal torque. The product of torque 
efficiency and volumetric efficiency is equal to overall 
efficiency. 

The designer should have well in mind these con- 
cepts: 


1. Slip flow increases with the cube of the clearance 
2. Viscous drag is inversely proportional to the clear- 
ance. 


Knowing these facts, the designer can control the 
slip and the drag by the clearances that he plans 
into the pump. However, he cannot make both slip 
and drag arbitrarily small. If he decreases the clear- 
ance to reduce the slip he inevitably increases the 
viscous drag. If he increases the clearance to de- 
crease the drag he materially increases the slip. 

It is possible to design any given slip passage for 
a minimum power loss in that passage and to design 
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a pump so that the power loss is a minimum for 
any given set of operating conditions. Such a de- 
sign would have clearances so proportioned that 
the sum of the power losses due to slip and to viscous 
drag would be a minimum. Under these circum- 
stances the pump would operate at maximum effi- 
ciency at the planned operating conditions of speed, 
pressure and liquid viscosity. 

Although this design procedure is simple and 
effective, it is based unfortunately on one assumption 
which is not realized in practice with existing hy- 
draulic liquids or, in fact, with any liquid. This 
assumption is that the liquid viscosity is constant. 
This is, of course, not true if there is any local heat- 
ing of the liquid in the small passages through which 
the slip occurs and in which the viscous drag is 
of considerable magnitude. Current research on the 
evaluation of the effect of this local heating will, 
it is hoped, result in practical design techniques that 
will make possible an optimum design for any given 
set of operating conditions. 


All Design Elements Important 


To illustrate the significance of the equations which 
describe pump performance and the necessity for 
giving consideration to all elements of the design 
which determine the performance, Fig. 7 is useful. 
In this illustration the power input to a pump is 
shown as a function of pressure at a particular speed 
and with a single liquid. The various items that 
absorb this power input and the power remaining as 
power output are indicated. 

The top line indicates the power input at various 
pressures for a gear pump operated at a speed of 
1500 rpm with a liquid of approximately 300 SSU 
viscosity at the inlet. The vertically cross-hatched 
area indicates the power absorption due to viscous 
friction is essentially constant with increasing pres- 
sure; it varies with speed but not with pressure. 

The diagonally ruled area also represents a con- 
stant power loss which is due to a dry friction un- 
affected by the pressure differential. 

The area with horizontal lines represents the power 
loss due to slip. This increases rapidly with pressure 
since the slip itself is directly proportional to the 
pressure and the power loss is equal to the product 
of the pressure and the slip giving a second-power 
increase of power loss with pressure. 

When operating at full design pressure, 1000 psi, 
and at 1500 rpm, this pump shows a power input 
of 5.2 hp and an output of 3 hp indicating an effi- 
ciency of 58 per cent. The slip accounts for a power 
loss of 1.6 hp or 31 per cent of the input power. 
Viscous drag and dry friction each account for ap- 
proximately 0.3 hp or approximately 514 per cent of 
the input power. 

At 500 psi the distribution of power is quite differ- 
ent. Input is 2.9 hp, output 2.0 hp, and efficiency 
69 per cent. Total loss is 0.9 hp, 31 per cent, and 
is comprised of approximately 0.3 hp, 10 per cent, 
for each of the three causes: viscous drag, dry fric- 
tion and slip. 

A simple study of the performance of this pump 
to determine only overall efficiency and volumetri¢ 
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efficiency would not be sufficient to track down the 
design changes which would be necessary for im- 
proved performance. On the other hand a detailed 
study, which determined the distribution of power 
losses as illustrated in Fig. 7, gives the clues re- 
quired for such a study. Location of the point of 
peak performance can be changed and efforts can be 
made to reduce either viscous drag or slip. The dry 
friction torque probably orginated largely in the 
journal bearings. Use of roller bearings would reduce 
this loss but add to the cost. Studies of the desir- 
ability of such a change can be made easily. 


GENERAL DESIGN PRINCIPLES: Study of the per- 
formance equations has revealed a number of signi- 
ficant criteria and facts useful in design of positive 
displacement pumps and motors. As indicated pre- 
viously, the elements of a pump may be designed 
to give peak efficiency under specified operating con- 
ditions. A second principle is that there is no gain 
in building a very complex mechanism. A simple 
piston or vane contains all the requisites of a wholly 
satisfactory pumping element. The simplest possible 
auxiliary devices to effect the activation and inact- 
ivation of a piston or vane then necessarily give the 
best mechanical performance. 

Five elements of a pump or motor determine its 
performance: 

1. Size of the positive displacement element (piston, 
vane or gear tooth) and length of its path of mo- 
tion determine the displacement 

2. Size and proportions of the inlet passages deter- 
mine the cavitation losses 

3. Size and proportions of the discharge passages 
determine fluid friction losses at the discharge 
end 

4. Seal between inlet and outlet is a major factor 
in determining the magnitude of the slip. Clear- 
ances around the positive displacement element 
determine an additional part of the slip 

5. Mechanical features connected with actuating the 
vanes or guiding the pistons or with the form of 
gear teeth determine to a considerable extent 
frictional losses of the dry friction or thin-film 
lubrication type. 


Commonly accepted notions indicate a greater 
concern with leakage causing slip than with friction- 
al losses. This is clearly shown by a study of the 
dry friction coefficient C, and the constant torque 
loss TJ, associated with a number of pumps which 
have been tested. In TABLE 2 are shown typical values 
of the quantities determined in an extensive series 
of experiments under the author’s direction. 

There is no justification for values of T, of the 
order of several inch pounds or of C; in excess of 0.03. 
Devastating effect of these excess values is easily 
seen by considering unit No. 9 in TABLE 2. The 
value of C, is 1.6 x 10-7 and C, 16.8 x 104. These 
together would permit a maximum efficiency of 
84 per cent providing T, and C; were zero. However, 
with a value of C, equal to 0.075, as for this pump, 
the maximum efficiency possible even with T, equal 
to zero would be about 78 per cent. With 7, equal 
to 13 in-lb the maximum efficiency would be even 
less. The magnitude would depend upon the condi- 
tions of operation since maximum efficiency is not 
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Fig. 7—Losses and output for a gear pump operating at 
1500 rpm with a liquid of approximately 300 SSU 


independent of the pressure, speed and viscosity when 
T, is not zero. 

Design of positive displacement pumps for pump- 
ing liquids of relatively low viscosities has progressed 
far, simply by the time honored method of cut and 
try. On the other hand there appears to be a fruit- 
ful field for investigation in the design of pumps 
for the handling of extremely viscous liquids. The 
theory indicates that if large clearances are used, 
higher speeds than those commonly accepted in com- 
mercial operation would be possible with even higher 
efficiencies than are now expected. 


FIELDS FOR FUTURE RESEARCH: Determination of 
the effects of local heating on pump and motor per- 
formance and the formulation of a design procedure 
to include these effects is of prime importance. 

Determination of the optimum gear tooth form 
from the standpoint of viscous and dry friction forces 
at the meshing and flow in the neighborhood of the 
inlet is essential. 

Determination of the causes of noise in pumps and 
motors presents a challenging field since many pumps 
are far noisier than is desirable after all reasonable 
and readily determinable causes of noise have been 
eliminated. 





Correction 


Through an oversight in makeup, the article, 
“Design Economics,” by John Van Hamersveld which 
appeared in the July issue of MACHINE DESIGN was 
printed without the credit to the sponsoring society. 
This article was based on a paper presented at the 
ASTE 18th Annual Meeting and Exposition in Phila- 
delphia, April 10-14, 1950. 
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Motor reversal in three milliseconds is effected 
by a torsion bar and clutch device, below. Developed 
by Jacob Rabinow at the National Bureau of Stand- 
ards and designed to meet the need for high-speed 
reversal of magnetic tapes in the memory systems of 
electronic computing machines, the device may prove 
useful in many other applications. During reversal 
the torsion bar stores the kinetic energy of the mo- 
tor’s rotor and then uses it to accelerate the rotor 
rapidly in the opposite direction. The motor is a 
small low-inertia two-phase unit operating at 3200 
rpm. The torsion bar is 3/16-inch diameter and ap- 
proximately 31 inches long. On.y one phase of the 
motor is connected to the power supply, allowing the 
motor ito operate in either direction of rotation. 

One end of the torsion bar is connected to the motor 
shaft, the other is equipped with two positive uni- 
directional clutches as illustrated in the diagram. 
One clutch prevents clockwise and the other counter- 
clockwise rotation. If the motor is running in a clock- 
wise direction and the proper clutch is engaged, the 
end of the torsion bar is stopped, bringing the motor 
to a stop in approximately 20 degrees. The potential 
energy stored in the bar is then returned to the rotor 
as a counterclockwise impulse. The motor attains 
reversed full speed within 
three milliseconds. 


SCANNING the Field For 


by the mechanical strength of the system. Because, 
with this method of reversal, energy taken from the 
system during the stopping phase is returned to ae- 
celerate the reversed direction of rotation, heating of 
the motor and current surges through it are prevent- 
ed. Other types of energy-storage devices could be 
employed similarly such as coil springs or pneumatic 
cylinders. Also, a stationary storage system could be 
used, locating the reversing clutches between it all 
the motor shaft. 


Pump-turbine, having a single runner enclosed 
in a casing, serves as a pump when driven in one 
direction of rotation and as a turbine for driving in 





The motor used is 1/75- 
horsepower, but larger mo- 
tors may be reversed sim- 










ilarly, the speed of re- 
versal being limited only 
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the other direction. A synchronous unit with the nec- 
essary control equipment is direct connected to the 
pump-turbine, acting as a motor to drive the pump 
and as a generator to supply power when driven in 
the opposite direction by the turbine. Shown above, 
on test at Allis-Chalmers, this machine has demon- 
strated that high efficiencies are attainable with a 
dual-purpose unit and has revived the old idea of 
pumped-storage hydroelectric power. 

Off-peak pumping from a low-level to a high-level 
water reservoir and peak-period power generation 
with reverse flow are economically feasible with a 
pump-turbine combination unit. Need for additional 
pumping equipment is eliminated, allowing the ef- 
ficient utilization of equipment for 24 hours a day. 


In the curves are shown the characteristics of the 
(Pump-turbine for both pumping and driving cycles. 


For these curves the pump head, capacity and horse- 
Power at best point of efficiency for 100 per cent 
gate were used to calculate the percentages. 

Pumped storage hydroelectric systems would re- 
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quire electrical equipment of the same general nature 
as is used in generating stations. Although more 
electrical equipment would be needed, some features 
such as voltage regulation and pilot excitation might 
actually be eliminated. Chief differences arise from 
the necessity of starting and operating the synchron- 
ous machine as a motor, with the direction of rotation 
opposite to that required when it operates as a gen- 
erator. Allis-Chalmers engineers recommend the use 
of compressed air to start the pump unwatered to 
bring the drive to synchronous speed. 


Automatic photo processing of color transpar- 
encies is provided by a novel machine which also 
permits the operator to preset individual timers for 
each chemical bath in the process. Each film going 
through the machine receives uniform treatment un- 
less the controls are varied. In use at Air Materiel 
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Command Headquarters at Dayton, Ohio and designed 
by the Newton-Niles Co., the machine above controls 
the processing temperature at 68 F. Wash tanks in 
the machine are equipped with jets to provide a con- 
stant automatic flow of clean water during the im- 


mersion time. The machine weighs 1100 pounds, has 
stainless steel tanks and processes transparencies in 
90 minutes. 


Controlled loading of a test specimen in a con- 
ventional hydraulic testing machine is obtained with 
the unit illustrated at left below. Developed at 
the Langley Aeronautical Laboratory by Rupert S. 
Rock, H. D. Garner and E. D. Lounsberry, the con- 
troller requires no attention from the operator after 
the initial settings have been made. Within the 
elastic limits of a specimen, the instrument has been 
designed to maintain constant loading with an ac- 
curacy of plus or minus 0.1 per cent of full scale 
reading, maintain a constant rate of loading with an 





accuracy equal to that of a human operator, and 
perform the transition from constant rate to constant 
load condition automatically with not more than 0.1 
per cent overshoot. 

Null balance principles were utilized in the design 
of the controller, the elements of which are indicated 
in the diagram, right below. A manual load crank 
varies the tension of a pair of precision springs 
through a rack and pinion assembly. These springs 
restrain the tip travel of a Bourdon tube connected 
in the weighing system of the testing machine. A 
preselect load dial, geared to the rack and pinion 
assembly, provides a calibrated indication of load 
which, in turn, is proportional to the tension of the 
precision springs. The tip travel of the Bourdon tube 
is translated into a pneumatic signal by a high sensi- 
tivity pickoff of the opposed venturi jet and flapper 
type. This signal actuates a power servo through a 
diaphragm operated spool valve to control the throt- 
tling valve. The throttling valve, located in the pump 
bypass line, is a needle plug type designed to load 
linearly with valve movement. 

When the load is increased by rotation of the man- 
ual crank, tension on the springs attached to the Bour- 
don tube is increased. The resultant displacement of 
the Bourdon tip moves the flapper which changes the 
air signal from the pneumatic pickoff, unbalancing 
the air pressure. on the diaphragm. Motion of the 
diaphragm and spool valve actuates the servo to po- 
sition the throttling valve, increasing the load on the 
specimen and also the pressure in the Bourdon tube 
in the weighing system line. When the desired posi- 
tion is reached the flapper will be returned to the null 
position. Application of load at various rates is ob- 
tained by increasing the tension of the springs 
through a constant-speed motor and variable-speed 
drive, stopping the motor with a limit switch when the 
desired load is reached. 
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Part 3—Planning 
of Engineering 


EED for management as applied specifically to 
the practice of engineering has been recog- 
nized but recently. At a previous time when 

one individual or a very small and well-knit group 
conceived, carried out and completed the typical en- 
gineering project, the need for literal management of 
engineering did not exist. Engineering was an iso- 
lated undertaking which neither influenced nor was 
influenced by the other functions of business, industry 
and commerce. Engineering was largely the personal 
concern and risk of the individual engineer who was 
his own board of directors, president, general man- 
ager, sales manager, treasurer and all other officers 
of business, and he answered only to himself. 
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Engineering Management—Its Job 












The whys and wherefores of engineering 
management, how it is organized and 
carried out from the inception of an 
idea to the finished machine or product 







By Randolph W. Chaffee 


Consulting Engineer 
Cleveland, Ohio 



















investigation . . . to 
engineering resources in 
the best direction " 


Photo, courtesy General Electric Co. 


A great deal of engineering, indeed probably the 
greatest portion, is still a matter of individual ef- 
fort and susceptible only to management by the indi- 
vidual or small group concerned. However, the trend 
of individual creative engineering is downward while 
the scope of corporate engineering is broadening. 
Corporate management demands the highest of per- 
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formance, whether in sales, production or engineer- 
ing, and rightly so. Only by such performance are 
capital and personnel resources employed to the max- 
imum advantage of the enterprise, its owners, cus- 
tomers and employees. The need is growing for ex- 
plicit management of engineering and the engineer- 
ing profession is wisely seeking principles and prac- 
tical methods for managing engineering. 


PROBLEMS OF ENGINEERING PRACTICE: Apart from 
the technology of creative engineering, its practice 
generates numerous problems that must be recog- 
nized in the process of putting together a code for 
engineering management. 

Engineering Employment Security: Upon being 
asked his opinion of engineering, the typical indus- 
trial executive will assert the vital importance of en- 
gineering to American industry, to the American 
people, and the tremendous contribution of engineer- 
ing to the world dominance of American industry. 
However, faced with a declining market, disappear- 
ing profits and a need to retrench, that same indus- 
trial executive will lay off his engineering staff 
among the first—and just at the time when he should 
use the engineering staff to combat competition and 
to attract the remaining buying power to his product. 
Why does he do this and why is the engineers’ em- 
ployment status correspondingly precarious? Ap- 
parently it is not because of the executive’s lack of 
confidence in engineering in the abstract, but be- 
cause of his lack of confidence in the practice and 
conduct of engineering with respect to its ability to 
rise to meet the emergency situation. If engineering 
management has any purpose, it is to enable engi- 
neers to win the whole confidence of industry to the 
point where engineering is regarded as the most valu- 
able asset of industry and the resource never to be 
relinquished. 

Personality in Engineering: The practice of engi- 































neering is a highly individualized undertaking in 
which the individual is the source of original crea- 
tive thinking. While highly practical in his technical 
approach, the engineer is inherently a subjective and 
emotional personality in much the same manner as 
the artist. As a result, the typical engineer may be 
introspective and not fully aware of the extraneous 
influences which affect his work and which his work 
affects. One purpose of engineering management is 
to bring the engineer into intimate contact with these 
extraneous influences so that he is made aware of 
them and takes them into consideration during the 
conduct of his work. 

To illustrate, a given engineering project will have 
some more-or-less definite value to the enterprise 
which sponsors it. The redesign of a mousetrap, to 
make it more efficient, more attractive and easier to 
sell, may be worth about $15,000 to the mousetrap 
manufacturer and a larger expenditure cannot be re- 
covered through increased sales. An engineer is as-| 
signed to redesign this mousetrap. 

















Practical Objective Necessary 






At the outset, the engineer conceives a certain ob- 
jective which when reached, will mark the completion 
of his project. As he advances into the project, how- 
ever, and learns more about mousetraps, the engineer 
refines his objective and sees a more-and-more perfect 
design of mousetrap. This refinement of objective 
moves the horizon farther and farther away, entices 
the engineer on to ever better effort and achievement, 
and postpones the completion of the project. Thef ne 
project may, if allowed to run unchecked, expend far [ Pr 
more than the allowable $15,000 and thus defeat the | bu 
whole purpose of engineering. mé 

Co-operation and co-ordination are too often lack- | bu 
ing in engineering. With several groups at work on 
a common project and each group intent upon its] res 
part, there is a hazard that each group will minimize | in 
or ignore the work of other groups, that the project | &ni 
components will diverge from each other, that the | ha 
common goal will be lost from sight, and that capital | du 
and personnel resources will be wasted and the proj- | 8 
ect delayed. A second purpose of engineering man- | toc 
agement is to enforce a proper degree of co-ordina- | du 
tion and co-operation between engineers as individ- | A 
uals and in groups. eng 

A decision to undertake an engineering project can | tha 
result in an immediate putting of pencil to paper on | Shi 
the drafting board and putting of spade to earth in 1 
the rush to complete the project. This inaugurates | ler 
a wasteful trial-and-effort approach that can be} &né 
avoided by careful research and investigation to elim- | © 
inate the unpromising approaches and to focus engi- 
neering resources in the best direction. 

Many engineering projects have been undertaken, 
in the past, with an inadequate or unreasonable fore- 
cast of the time, manpower and money to be required P 
to complete them. While these unrealistic forecasts | und 
may have been the product of the best guess that the; 
could be made, the fact remains that failure to com § act, 
plete projects within the predicted time and cost has § aft, 
weakened the status of engineering and of the engi] thr 
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Photo, courtesy Eastman Kodak Co. 


= “ .. . pencil is put to paper on the 
w- drafting board and the end product 
er first begins to take composite form . . .” 
ct 
ive 
eS 
nt, 
he | neering profession. Engineering management has a 
‘ar | prime and vital purpose to perfect the planning and 
he | budgeting of engineering projects and to provide the 
means for relating actual performance to plans and 
2k- | budgets. 

on The engineering personality is self-motivated but 
its | resents immediate supervision of its behavior. While 
ize | in certain cases such as the military environment, 
ect | engineers can be commanded as to conduct and be- 
‘he | havior, this device is not generally applicable in in- 
tal | dustry. Engineers do respond, however, to intelli- 
oj- | gent and sincere aid and support. Given the right 
an- | tools and information, they will police their own con- 
na- | duct far more effectively than any outside influence. 
jid- | A purpose of engineering management is to provide 
engineers with the right tools and information so 
an | that they may carry on their work in proper relation- 
on | Ship and balance. 

in The foregoing are but a few of the typical prob- 
tes | lems arising out of the impact of personality upon 
be | engineering practice. One can recall many others of 
im- | equal or greater significance. 


~ Two Major Parts To Management 


yre- 
red} PLANNING & DIRECTION: The management of any 
ists | undertaking involves but two major parts. One of 
hat | these is planning which occurs before the project is 
om | actually started. The other is direction which occurs 
has § after the project is started and which continues 
i through its duration. 





Planning and direction together make up 100 per 
cent of engineering management. With planning 
amounting to 10 per cent, direction will be 90 per 
cent whereas if planning uses up 90 per cent, direc- 
tion requires only 10 per cent. To date, the practice 
of engineering has been marked by a minimum of 
planning in the specific sense. This is not to say, 
however, that a minimum of planning has been more 
advantageous or is to be recommended for future 
practice. With least planning, direction becomes more 
difficult, more awkward and more costly. With only 
a limited exploration of the problem during planning, 
and concerted attack upon a single avenue of ap- 
proach, direction follows the trial-and-error method 
and must attack several approaches before the cor- 
rect one is found. 

With adequate planning, direction is easiest for the 
reason that an accurate and complete plan is virtual- 
ly self-directing. Engineering resources are concen- 
trated upon a single approach and a minimum ex- 
penditure of these resources brings the engineering 
to its proper conclusion in least time and at least 
cost. 

Admittedly, the art of advance planning the con- 
duct of a project of creative engineering is very 
young and as yet little experience has been had with 
it. Also, engineering planning is not easy because 
it deals with unknowns and unforeseeables and be- 
cause the things learned today govern what is done 
tomorrow. We cannot literally look ahead to fore- 
cast what we will learn six months hence and what 
we shall do thereafter as a result of that learning. 

Planning is nothing more than the employment of 


“ ... mew problems disclosed . . . may be 
solved only by practical experimentation 


with models, ‘bread-board’ hookups, etc. . . .” 





















































Photo, courtesy Westinghouse Electric Corp. 


“ . .. testing models . . . appraising test 
results . . . interpreting test results into 
practicu! design recommendations . . . “ 


experience, and the fruits of experience are avail- 
able only in the record. Therefore, experience in en- 
gineering practice must be recorded in vital detail so 
that the capacity to plan intelligently and realistical- 
ly is created, and up to a point, that capacity will 
develop as the record of experience develops. The 
management of engineering has the purpose to create, 
employ and perfect the record of engineering practice 
to the end of more exact and perfect planning for 
engineering. 

PLANNING FOR ENGINEERING: If many different en- 
gineers or groups of engineers were to analyze the 
records of completed engineering projects, they would 
find, not that all engineering projects are alike in 
character and conduct, but that each project followed 
its certain pattern of conduct. They would find also 
that, although the patterns of conduct differed wide- 
ly, all of these patterns can be fitted into an overall 
pattern of basic principle for planning purposes. 
When expressed in broad terms, the overall pattern 
can be made to cover at once engineering projects in 
the various fields of mechanical, electrical, hydraulic, 
civil, industrial, chemical, production, and other 
branches of engineering, in fourteen all-inclusive and 
successive stages. 

Stage A—Preliminary Investigations: Although 
not completely formalized in all cases, engineering 
projects start with some sort of preliminary investi- 
gations to clarify the nature of the problem, and to 
outline the realm within which the solution will be 
found. In the field of mechanical engineering, for 
example, preliminary investigations must define the 
technology, function, structure, appearance, and per- 
formance of the equipment. Parallel units are studied 
in respect to their virtues and deficiencies, sales ex- 
perience, profit probabilities, price structure, chan- 
nels of distribution, and opportunities for improving 
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upon them. Where necessary, impartial market 
studies and analyses are made to assess the current 
market requirements and to set up the specifications 
for the machinery which gives most promise of wide- 
spread market acceptance. 

Whatever the branch of engineering involved, the 
purpose of the “Preliminary Investigations” stage 
is to survey the project from the point-of-view of 
the end user of the product and to visualize his re- 
quirements. This end-user may be. the housewife 
who will use the vacuum cleaner, the assembler who 
will use the spot welder, the child who will use the 
playground equipment, or the doctor who will use 
the hypodermic needle. And requirements must be 
fulfilled if the product is to be saleable. 

Stage B—Studies of Prior Art: The oft-repeated 
saying, “nothing is new under the sun” must also be 
recognized by the engineer. It would be most foolish 
to expend quantities of time, energy and money in 
the development of a device, process or method which 
could not be used profitably because someone else 
had previously patented it or because it had been 
tried and found to be impractical. A study of the 
patent files enables the engineer not only to avoid 
infringement on protected art but, what is more 
important, to avoid duplication of efforts which have 
been expended unsuccessfully and to confine the in- 
vestigation to the most promising engineering ap- 
proach. 


Record of Prior Art Important 


Almost without exception, the study of prior art 
is an essential stage in creative engineering and in- 
cludes, along with patents, the record in technical 
or trade journals, sales literature, and engineering 
papers presented before the engineering societies. 

Stage C—Calculations and Specifications: Using 
the information obtained during preliminary investi- 
gations and studies of prior art, calculations are 
made and specifications drawn up to guide the cre- 
ative development effort. These calculations and speci- 
fications are, in effect, the guideposts pointing the 
way along which the engineering project will travel, 
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avoiding fruitless and wasteful detours, and moving 
in a straight line to the target. We deal here with 
the general characteristics of the end product of 
engineering, and seek the answers to such questions 


as 


What will the product do? 

When will it be used? 

Who will use it? 

Why is this product being created? 
Where will the product be used? 
How much is it worth? 


and a host of others. re 
With the answers to these questions, we next make 
calculations to determine, among other things 


What will the product be made of? 
How big will it be? 

How strong must it be? 

How fast will it operate? 

How much work must it do? 

How much power will it need? 
What will be its efficiency ? 


These calculations are made before there is any 
real vision of the end product and they tend to en- 
force the objective, impartial and wholly practical 
point-of-view. They tend to combat and reject any 
preconceived notions which may nudge their way 
into the engineers’ consciousness and which may 
divert the approach from the straight-and-narrow 
path. These calculations should confine the creative 
effort to the realm of practical experience and proved 
principles. 

The calculations may require and include special 
analytical studies of certain aspects of the project, 
particularly where the record of experience is in- 
complete and where new basic art is involved. En- 
gineering application of nuclear energy is a current 
example of new basic art wherein special, analytical 
studies are required as a part of creative calcula- 
tions. Following completion of calculations, specifi- 
cations are drawn up to govern the creative process. 
These specifications may be likened to the rails 
which keep the train confined to its path and prevent 
it from wandering in its approach to the desired 
destination. 


Photo, courtesy Glenn L. Martin Co. 


” . . . details require careful 
checking to insure . . . that 





Specifications for creative engineering should be 
as detailed as possible if they are to serve their 
useful purpose. However, they cannot foresee every 
possible contingency nor can they foretell the future 
birth of new technical thinking. Ergo, specifications 
should attempt to define the latitude to be allowed, 
the. basic principles which will obtain in the making 
of selections and the circumstances under which the 
established approach may be reviewed for redirection. 

Where an engineering project involves more than 
one technical art—and all but a very few do involve 
many arts—there are two or more groups of engi- 
neers making calculations and setting up specifica- 
tions for their segment of the project, each inde- 
pendent of the others. As previously emphasized, 
co-ordination is an essential in the management of 
engineering and such co-ordination forms a part of 
this stage of creative engineering. The calculations 
and specifications of all groups are brought together 
in an engineering conference or by some other suit- 
able device, conflicts are resolved, and an overall set 
of specifications are worked out. This usually in- 
volves some modification of calculations, compromises 
of technique and clarification of end objective. This 
integration of separate technologies may stimulate 
new original thinking. 

Rarely does the first set of calculations and specifi- 
cations integrate nicely and much of the ground 
covered may have to be gone over a second, third 
or fourth time before all standards are met and all 
requirements are satisfied. This repetition may be- 
come onerous and discouraging to those who like 
to “get on with it” but it should be borne in mind 
that as many of the usual necessary mistakes as 


























possible can be made in this early stage of the proj- 
ect with a minimum waste of engineering resources, 
and that the future effort is thus made more produc- 
tive. It is better to make haste slowly at this point, 
and learn to walk before attempting to run. 

Stage D—Preliminary Progress Report: The cre- 
ative engineering staff is able, at this point, to report 
to the superior management, sponsor, client, .etc., the 
direction which its effort will take and, whether or 
not such a report has been requested, it should be 
prepared and submitted. The sponsor should be en- 
abled to know beyond reasonable doubt, that his 
interests are being well served and to interject such 
redirection as may be needed to assure that those 
interests are well served. Again, this report may 
generate new definition of the objective and show how 
the sponsor interest may be served even better than 
was initially expected, and result in an even better 
end product. 

A second purpose of the progress report at this 
point, is to supply a record of understanding be- 
tween engineering and sponsor so that there can be 
no future controversy regarding the approach taken 
or the end objective sought. Formal sponsor approval 
should be given at this point before further engi- 
neering effort is made. 

A third and important purpose of this report is 
its contribution to the engineering record for the 
use and benefit of future and parallel engineering 
projects. This report becomes a part of the prior 
art to be studied under Stage A of future projects, 
as described in the foregoing. 


Central Engineering Develops End Product 


Stage E—Preliminary Design: Pencil is put to paper 
on the drafting board and the end product first be- 
gins to take composite form in this stage. Whereas 
the project has been carried on by two or more sepa- 
rate groups heretofore, there now appears a central 
engineering group which starts to put together in 
rough form, the structure of the end product. Com- 
posite sketches and layouts are made, correlations 
of the different technical arts are worked out and the 
framework of the end product is developed. 

Although. involving two or more basic technical 
arts, the whole project will reflect one of these arts 
more strongly than the others and be predominantly 
mechanical, structural, chemical, electrical or indus- 
trial, etc. The project engineer: who heads up this 
central group will be selected for his greater knowl- 
edge of that predominant art as will the leaders who 
work under his direction. Insofar as possible, each 
of the basic arts involved should be well represented 
in the composite abilities of the group. However, 
the group continues to receive direction from tech- 
nical specialists other than the project engineer and 
his assistants. 

This preliminary design stage usually discloses 
new problems not encountered in the previous stages, 
particularly of physical relationship. Assume, for in- 
stance, that Stage C showed a gear of a certain size 
operating in a differential gear train but that physical 
interference does not show up until the scale layout 
drawing is made at Stage HZ. As a result, new calcu- 
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lations must be made and checked against the com- 
posite calculations and specifications and entered in 
the record. Some of the new problems disclosed in 
this stage may be solved only by practical experi- 
mentation as with models, “bread-board” hookups, 
etc. If so, sketches are made by the central creative 
group and these sketches are used to make up models 
for testing. 


Project Engineer Correlates All Efforts 


In addition to the central creative group, the tech- 
nical specialists continue to carry out their parts of 
the project in collaboration with that group. The 
appearance design group makes its preliminary 
sketches in scale, color and perspective. The electrical 
group works out control and power circuits while 
the structural group refines its stress analyses, ma- 
terials, shapes, fastenings, etc. The chemical group 
settles on temperatures, flow rates, conductors, con- 
trols, gaging and measurement devices, etc. Another 
group, interested in operation and performance, may 
develop detailed standards, performance forecasts, 
methods of operation and maintenance, provisions 
for safety, lubrication and related matters, etc. All 
of these specialist contributions are correlated by 
the project engineer with the framework evolved by 
the central creative group. 

Stage F—Practical Experimentation: This is es- 
sentially a shop job performed by persons manually 
skilled in building experimental models, in testing 
models, in appraising test results and in interpret- 
ing test results into practical design recommendations. 
The process is employed where the record of practical 
experience is incomplete and empirical formulas are 
lacking or inconclusive. Hydraulic engineering fre- 
quently employs working models of streams of mov- 
ing water to work out formulas for erosion, and ma- 
rine engineering uses models in moving water to per- 
fect hull design. 

Again, as in each previous stage, practical experi- 










“ . . .« written instructions for 
operation and maintenance of 
the product . . . are needed if 
the user is to secure the best 
and most enduring service . . . “ 
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n- mentation may disclose basic errors in the approach 
in and necessitate fresh calculation, alterations in speci- 
in fications and preliminary designs, and a revision of 
‘i- record of the engineering effort. However unfor- 
S, tunate such errors may be, this stage is needed in 
ve many projects to persevere in the policy of commit- 
ls ting errors as early as possible in the project and 
to reduce to a minimum the probability of future 
error in the final creative effort. 

Although discussed at this particular point in the 
sequence of stages, practical experimentation may 


h- occur at other and more appropriate points. It should 
of not be necessary at any later stage in the project. 
he Stage G—Intermediate Progress Report: At this 


ry point, the engineering approach is crystal clear to 
al the creative engineering staff. They know exactly 
ile what the outcome of the project will be, how the end 


a- product will be developed, how much longer the proj- 
up ect will take and all of the other answers. A second 
n- progress report to superior management, client or 
er sponsor is in order at this stage. 

ay Further alterations in the objective as defined by 
ts, the sponsor are unlikely at this point, although not 


ns impossible. It is more probable that the project 
All budget may require alteration and, if more time or 
by funds are to be needed, the fact should now be known 
by — and can be relayed to the sponsor, together with 
a formal request for the supplementary budget. This 
es-— request can be fully supported and justified by the 
lly exact knowledge of the project’s outcome and pros- 
ing pect of approval of the supplementary budget should 
et- be excellent. 

ns. Again, as in the case of the previous progress re- 
calf port, the sponsor is formally notified of the project’s 
are outcome and gives formal approval for continuation 
re-— of the project. This report lays down in all neces- 
ov-— sary detail the work to be done to complete the proj- 
na-— ect and supplies the engineering staff with full in- 
er- | structions for completion. This report adds to the 
record, for future reference, the logic and evidence 
eri-]. which supports the final engineering effort. 
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Stage H—Final Design: This stage contains the 
final and complete creative effort in which all modi- 
fications defined in previous stages are incorporated 
and the final form of the end product is crystallized. 
Layouts are completed together with appearance ren- 
derings, structural outlines, and the end products 
of the other creative arts involved in the project. 
When this stage is completed, creative engineering is 
also completed. It remains only to interpret and ex- 
press the creative work in terms which can be exe- 
cuted by others. 

Stage I—Design Execution: The execution of a cre- 
ative engineering project consists of routine prepara- 
tion of detail drawings of individual parts and as- 
semblies, bills of materials, drawings lists, specifica- 
tions of purchased parts, final appearance design ren- 
derings, instructions for special fabrication, assembly 
and finishing, plot and site plans, instructions to 
bidders and like material. 


Accuracy A Primary Requirement 


These details require careful checking to insure 
that specifications are fulfilled, that parts will go 
together in the final assemblies and that engineer- 
ing standards are observed. There is no creative 
effort involved in this stage in respect to the basic 
technology of the end product, and this work re- 
quires no great knowledge of the basic creative arts 
incorporated into the end product. The prime require- 
ment in this stage is faithful exactitude in describing 
the end product of engineering and the means for 
bringing it into existence. 

Stage J—Prototypes: Some engineering projects 
include the building of prototypes or exact models 
of the end product. These may be required for 
several reasons such as photographs for advance 
sales promotion material, enabling legislation, patent 
applications, and many others. Again, as in Stage F, 
this is the work of shop technicians who are manually 
skilled in fabrication, assembly, finishing, etc., and 
in the photographic arts. 

Stage K—Processing: The engineering project may 
include also the processing of the means to produce 
the article engineered. The processing of the prod- 
uct is the preplanning, in all detail, of the materials, 
tooling, personnel, and facilities to be employed and 
of the exact costs of producing the article. Processing 
may be required for placement of purchase orders 
for materials and special tools, employment of per- 
sonnel of suitable caliber, purchase of machinery, 
land and buildings and other acts involved in repro- 
ducing the article engineered. 

Also included under this heading is the creative 
engineering of special tools, jigs, fixtures, etc., which 
may be needed. Process engineering, or production en- 
gineering, is essentially creative in character and 
must be done in collaboration with and under the 
direction of the project engineer. 

Stage L—Manuals of Operation and Maintenance: 
Where the end product of creative engineering is to 
be used by the layman not intimately skilled in the 
product’s art, it is frequently necessary to supply 
the user with written instructions for operation and 
maintenance of the product and this applies to both 
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domestic and industrial users. Such manuals are 
needed if the user is to secure the best and most 
enduring service from the product. 

Writing of manuals of operation and maintenance 
is another of the onerous tasks connected with cre- 
ative engineering and commonly is shunned by the 
engineers best qualified to undertake the task. It is 
possible, however, for a person skilled in technical 
writing in general but not highly trained in the tech- 
nology of the particular product to prepare manuals 
provided ample collaboration with the creative en- 
gineers is possible. In fact, the untrained mentality 
more nearly resembles the mentality of the user 
and is best able, therefore, to seek out and express 
the text of the manual in terms easily understood 
by the lay user. The manual of operation and main- 
tenance denotes tie distinctly lay point-of-view of 
the end product of engineering and is necessary to 
complete the whole record of the creative engineering 
project. 

Stage M—Final Project Report: Every creative en- 
gineering project should be concluded with a final 
and comprehensive report not only for the informa- 
tion of the sponsor but for future reference in pre- 
liminary investigations for parallel projects. This 
final report consists of the two previous reports plus 
information and data gathered in Stages J, K, and L, 
and the text of the manual of operation and main- 
tenance. 





Plating Affects Parts Adversely 


DVANTAGES of chromium plating on gages, cyl- 

inder walls, piston rings and other machine 
parts, in the absence of proper precautions, may be 
offset by the adverse effect of the plating on the 
fatigue limit of the basic metal. An investigation by 
the National Bureau of Standards and sponsored by 
the Bureau of Aeronautics, Department of the Navy, 
provides information of interest to industries which 
produce or utilize chromium-plated machine parts. 

Specimens about 14-inch in diameter were ma- 
chined from three lots of SAE X4130 rod and one lot 
of SAE 6130 steel rod. The X4130 steel was either 
normalized to a Rockwell hardness of 90-B or 
quenched and tempered to a hardness of about Rock- 
well 40-C, while the 6130 steel was quenched and 
tempered to a Rockwell hardness of 33-C. After 
grinding, polishing, and chromium-plating, the speci- 
mens were subjected to fatigue tests in the R. R. 
Moore type rotating-beam machine operating at 1800 
or 3600 rpm. Eight or 10 specimens usually were 
required to obtain the fatigue limit for any one set 
of conditions. 

In all cases chromium plating was found to reduce 
the fatigue limits of the steels studied, although the 
effect was less pronounced under some conditions than 
others. In general, the reduction in fatigue limit in- 
creased with increased hardness of the steels. For 
steel of a given hardness, the fatigue limit decreased 
with increased temperature of the plating bath. While 
plate thickness appeared to have little effect on the 
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fatigue limit of specimens plated in a bath at 55 C and 
a current density of 350 amp per square foot, no gen- 
eralizations could be made regarding the effect of this 
factor at other current densities and temperatures, 

It was discovered that the fatigue limits of speci- 
mens plated and subsequently ground to remove a 
part of the plating were equal to or greater than 
those of specimens initially plated to the same thick- 
ness as the ground specimens and tested as plated. 
Other experiments showed that interruptions of the 
plating process did not reduce the fatigue limit of the 
plated specimens provided proper precautions were 
taken for continuing the plating. 

Chromium-plated objects often are heated to tem- 
peratures between 90 and 200 C with the object of 
improving their mechanical properties by expelling 
the hydrogen deposited with the chromium. A sys- 
tematic study was therefore made of the effect of 
heating on the fatigue limit of chromium-plated steel. 
The results showed that the fatigue limits of quenched 
and tempered specimens heated after plating de- 
creased to a minimum value for some heating tem- 
perature between 100 and 300 C and thereafter in- 
creased with increased heating temperatures. Fatigue 
limits of specimens heated for 1 hour at 440 C in some 
cases were 87.5 per cent of that of the unplated steel, 
whereas fatigue limits of specimens plated but not 
heated, and of specimens heated 1 hour (in air) at 
193 C, were only about 68 and 27 per cent, respective- 
ly, of those of the unplated steel. 

Three possible causes for the adverse effect of 
chromium plating on the fatigue limits of the steels 
were (1) the embrittling effect of hydrogen deposited 
with the chromium, (2) cracks in the chromium, and 
(3) residual stresses in the chromium. However, it 
was shown that there was no simple relationship be- 
tween the fatigue limit and the amount of hydrogen 
































100 pH 
—=x=Plated 55C,200 amp/ft® =—_ 
L Proted 1000emp/tt2 : 

80 he, a + 20 
~ Normalized X4130 steel = 
$ 100 —+ ° 4 
: Quenched and Tempered X 4/30 steel 
5S 80 + 20 & 
a a =< 
% 60 128 40 & 
o —Xx 
5 70C Dodane? Loo 3 
. 40+ 3 4 3 
& 5 
= 20} sae § 
4 Piated 85C,7000mp/ft?—e OF $ 
3 100 9 
: Quenched and Tempered 6130 steel! 5 
vv 
<c 
S coh + 20 

Plated 55C, 200 amp/1}2—y 
60 O-Piated TOC, 1000 omp/ft2 440 
’ =* A 1 1 | = 1 1 L 
oO oOOoo! 0. 0.010 0.017 

















005 
Plate Thickness ( inch ) 





remaining in the chromium after a baking treatment. 
Further experimental evidence indicated that cracks 
present in the chromium were not the principal cause 
of the reduced fatigue limits of the plated steels. 

It is generally agreed that residual stresses in @ 
material markedly affect its fatigue limit. Thus, i 
steel, compressive stresses, such as are produced by 
shot peening, increase the fatigue limit; tensile 
stresses have the opposite effect. 
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Designing 


Crossed Helical Gears (Jt 


By W. A. Tuplin 


Head of Engineering Research and Development 


David Brown & Sons Ltd. 
Huddersfield, England 


LTHOUGH gearing text books rightly empha- 
A size the flexibility of the involute system, none 

makes use of that flexibility to avoid the need 
for solving exactly the crossed helical or so-called 
spiral gear problem. This problem is to determine 
the helix angles of a pair of cylindrical gears, Fig. 1, 
connecting nonparallel, nonintersecting shafts set at 
a given angle and center distance. 

The essential condition—that the sum of the pitch 
radii of generation of the two gears shall be equal to 
the working center distance—may be expressed in the 
form 


Need for time-consuming, exact solu- 
tions to crossed helical gear problems 
can be avoided by making use of the flexi- 
bility of the involute tooth form system 
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sec y + ——— sec(= -y) = 20 
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where symbols are as given in the Nomenclature and 
notation is as in Fig. 1. In Equation 1, pitch diam- 
eter of generation of the pinion is 


NPn 


T 


sec wv 





and pitch diameter of generation of the gear is 


NP, 





sec (2 — wv) 


ca 
“4 


Equation 1 looks as if it should be soluble by a 
direct trigonometric process, but actually it is not. 
Much ingenuity has been expended by many writers 
on turning what is essentially a trial and error proc- 
ess into different forms. 

The condition expressed in Equation 1 is an unnec- 
essary restriction if the gears are to be of involute 
form, produced by generating cutters. It is well 
known that the designed center distance of a pair of 
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spur or helical gears need not be equal to the sum 
of the pitch radii of generation. In other words, 
the nominal pitch radii (whose sum is equal to the 
designed center distance) need not be the same as the 
pitch radii of generation. The same applies to crossed 
helical gears. 

The permissible range of ratio of designed center 
distance of crossed helical gears to the sum of the 
pitch radii of generation is in many cases remarkably 
wide. For the present purpose a relatively narrow 
range will suffice since the only object is to avoid 
any need to solve the crossed helical gear problem 
exactly. In this article a “useful range” is defined 
in a convenient way. 

On the basis of design that makes no use of the 
flexibility of the involute system (Equation 1), the 
nominal pitch diameter of the gear is 


D=20 — 








- secy = [ = sec (Z—y) |W 
7 7 


and a value of y must be found to satisfy this equa- 
tion. 

On the basis used here, D in the design stages may 
have any value between the results given by Equa- 
tions 2 and 3: 
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17 cos? (=—y) 7 
N+2 a 


vy) | w +2-— (3) 

These limits define a range of D within which gen- 
eration by a 20-degree full-depth cutter will produce 
satisfactory tooth shapes. The manner of defining the 
range is arbitrary; the range itself is not, in general 
tne widest possible but it does meet the present pur- 
pose. 

Corresponding to Equation 1, the essential condi- 
tion is now 


NPn 
———- secv + D= 2C 


Fig. 1—Sketch showing shaft angle and helix angle of gen- 
eration of pinion 








Axis of gear 
































In other words, nominal pitch diameter of the gear 


D=2C — 





n 
i a eos eae eee (4) 
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where the value of D must lie between Equations 
2 and 3. 

It is the latitude given by Equations 2, 3 and 4 as 
compared with the exactitude demanded by Equation 
1 that evades the rigor of the classical crossed helical 
gear problem. 


GUIDANCE RULES: With crossed helical gears, the 
range of pitch diameters possible for any given center 
distance and gear ratio is so wide that some guid- 
ance in making tentative first steps may be desir- 
able. In some cases, external considerations may set 
an upper or lower limit to the pitch diameter of 
pinion or gear. In such cases a value approaching 
the limit may be taken as a starting point. Other- 
wise some arbitrary starting point must be used. 

Since D = (Np,/r) sec (3—w), approximately, and 
d = (np,/z) sec y, it is found that 


D N 


cos v - cos v 
~~ eos (3 — y) 





d nm cos (= —y) 
since N/n must be equal to the given ratio R. Writ- 
ing cos (S—y) = cos S cosy + sin & sin y and rear- 
ranging, it is found that 


d 
(r—*.— cos: ) 
D 


tanv = Sa Se (5) 
sin = 





If a value can be arbitrarily given to d/D, the cor- 
responding value of y may be determined by Equa- 
tion 5. Such an arbitrary value is d/D = \/1/R, 
which causes Equation 5 to become 


(Vk — cos =) 





tanv = eee ee tees (6) 
sin = 
Also 
2C 
aOR PEL ET LTTE TLL TTT ETE (7) 
1+VR 
and since d= (np,/7) sec y, then 
27C 
np, = wd cosy = ——————— COSV .................. (8) 
1+VR 


The aim must now be to discover a combination of 
suitable values of n and p,, that satisfies Equation 8, 
remembering that (1) y may have any value approxi- 
mating that derived from Equation 6, (2) p, must be 
a standard pitch, and (3) there must be a whole num- 
ber N such that N/n is within the tolerance on RP. 

It is then ascertained whether 2C — np,/x sec ¥ 
lies between the values of Equations 2 and 3. If not, 
other values of y must be tried until one is found 
that satisfies the condition. 


BLANK DIAMETERS: The addenda are determined 
from the “equivalent numbers of teeth”, n sec? y and 
N sec* (}—y). Let the gear with the smaller equiva- 
lent number of teeth be called No. 1 and the other No. 
2. Let the ratio of the smaller equivalent number to 
the larger equivalent number be u. Then, satisfactory 
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Nomenclature 
», N = Number of teeth on pinion and gear, respec- 
tively 
Pn — Normal pitch of generating cutter used for 
pinion and gear 
¢n = Normal pressure angle of generating cutter 
C = Designed center distance 
= = Shaft angle 
y = Helix angle of generation of pinion 
d= Nominal pitch diameter of pinion. Equal to 
pitch diameter of generation of the pinion 
D = Nominal pitch diameter of gear. Equal to 2C 
— d but not, in general, equal to the pitch 
diameter of generation of the gear. 
e= % Deviation of 2C from Equation 1 value 
a, A = Addenda of pinion and gear, respectively 
b, B = Dedenda of pinion and gear, respectively 
dy = Tip diameter of pinion = d + 2a 
Do = Tip diameter of gear = D + 2A 


f, F = Face width of pinion and gear, respectively 
R = Gear ratio = N/n 
u = Ratio,of smaller equivalent number of teeth to 


larger equivalent number 


formulas for addenda are: 
Addendum for No. 1 = (p,/x)(1.4 — 0.4u) 
Addendum for No. 2 = (p,/r) (0.6 + 0.4u) 
The blank diameter for each gear is determined by 
adding twice its addendum to its nominal pitch diam- 
eter. 

If the cutter is sunk to standard full depth into 
blanks of these diameters, the resulting gears would 
mesh together at center distance C with no backlash, 
if everything were perfect. As that never is the case, 
and as the condition of no backlash is one to he avoid- 
ed wherever possible, the cutter should be sunk into 
each blank to standard full depth plus an amount cor- 
responding to the desired backlash. 

In crossed helical gears the backlash, defined as 
free circumferential movement at the pitch cylinder 
of the teeth of one gear as limited by those of the 
other gear, is generally different for pinion and gear. 
It is preferable to define backlash as the difference 
between tooth thickness of one gear and space width 
of the other, measured at the nominal pitch cylinder 
in the normal section. A reasonable amount for such 
backlash in crossed helical gears is what would be 
allowed in spur gears of the same normal pitch. 

The excess of cutting depth over standard depth, 
for both gears, is 0.25 cot ¢, Xx desired normal back- 
lash, whether or not e = 0. The value of e as defined 
in the Nomenclature and from Equation 1 is: 


e=c——" [nsec y + Nsec (Z—y)] 
27 


In this respect crossed helical gears differ from spur 
and parallel-shaft helical gears; in gears of these lat- 
ter types there is backlash between teeth that have 
been cut to full depth in blanks made to suit a center 
distance for which e is not zero. 

LEAD: Whatever operating center distance is used, 
the leads of the tooth spirals of the two gears are 


np, cosec y and Np, cosec (= — y) 
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FACEWIDTH: In order that contact between the 
teeth of crossed helical gears shall be limited by the 
tips of the teeth and not by the end faces, the width 
of each gear should be at least 


je] sec Ye ] 
tan y + tan (= — y) -.. 


where g = the greater of the addenda of gear and 
pinion, y, = helix angle of the gear under considera- 
tion, and |e| = numerical value of C — (p,/2r) X 
[n sec y + N sec (3 — y)] which is always taken as 
positive. Very often, e is small enough to neglect. 





2.5 cot | g sin ye + .. (9) 


NUMERICAL EXAMPLE: The following calculations 
have been made by using an ordinary 10-inch slide 
rule; its accuracy is ample for the purpose. 

Let it be required to determine the dimensions of 
crossed helical gears to work at a center distance of 
4 inches +0.002-inch, Fig. 2, with shaft angle 75° 
+1’ and te have a ratio of 3.7 +0.05. The tolerances 
on center distance and shaft angle are regarded as 
manufacturing tolerances and not used in design. The 
tolerance on ratio may be used in design as none is 
required in manufacture, specified numbers of teeth 
being exactly attainable. 

With slide-rule set at 3.7, a few ratios that are seen 
to be within the tolerance are 48/13, 52/14, 59/16, 
63/17, 70/19 and 74/20. From Equation 6 


(Vv 3.7 — cos 75°) 
sin 75° 
(1.923 — 0.258) 


3 = 1.725 
0.966 


(Continued on Page 202) 


tan y = 








Fig. 2—Drawing of crossed helical gears with dimensional 
notation developed in the numerical example 
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DESIGN 


Six-Lens Contour Projector 


AuicnMENtT between lens barrel and turgtable of the 
Eastman Kodak Co. contour projector, Model 2, shown at the 
left, requires precision tolerances and a highly accurate lens 
turntable locking mechanism. In designing the lens turret, it 
was necessary to provide a rigid turntable which would posi- 
tion each of the six lenses accurately on the instrument’s op- 
tical axis. Parallelism between the axis of any lens and the 
optical system is held to within 1 minute of angle to provide 
uniform magnification over the whole screen area. Relative 
position of the lens, with regard to the object and screen, is 
held to within 0.002-inch to provide correct focus and mag- 
nification at rated power. 

Base of the turret supports a hollow stationary spindle 
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which carries the lens turntable on preloaded ball 
bearings, drawing bottom of previous page. Position 
of the turntable in the vertical plane is rigidly fixed 
by resting the inner race of the lower bearing on a 
collar on the spindle and by eliminating all backlash 
through preloading. Lenses are positively seated on 
brass locating shoulders held to within 0.0003-inch 
per inch face squareness. Needle bearings absorb 
any radial thrust imparted to the vertical turntable 
shaft. This shaft is connected through helical gears 
to the operator’s hand knob, which is used both to 
rotate the turret and to actuate the detent. 

This detent mechanism consists of an indexing 


stud carried on a yoke which rotates on a shaft on 
preloaded bearings. When the hand knob is pushed 
in, a collar on the hand knob shaft acts against a 
button on the yoke to disengage the stud and permit 
the turntable to spin free. With the knob pulled out, 
another collar acts against the yoke to engage the 
stud in its seat on the turntable. The stud end is 
tapered and seats itself between two hardened pins 
under pressure of a spring. Locating accuracy of 
the turntable, vertically and angularly, is such that 
the projector magnification can be changed to any one 
of the six values provided (10x to 100x ) without re- 
focusing. 


Versatile Dual-Head Miller 


Unusvar flexibility in the milling of small parts 
is provided in the design of the dual-head milling ma- 
chine shown below. Both heads of the Twin Mill, 
made by W. H. Nichols Co., are adjustable parallel to 
the direction of table travel, as well as vertically and 
longitudinally. Powered by an individual motor for 
each unit, the heads include oil-lubricated gear boxes 
providing 15 speeds from 55 to 2050 rpm. Keys slid- 
ing in T-slots in the saddle make an 84-inch adjust- 
ment possible in the direction of table travel. Con- 
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ventional knee and saddle slide movements are also 
obtainable. 

The machine table is arranged for automatic op- 
eration, powered by an air-hydraulic system provid- 
ing rapid approach to cutting position and infinitely- 
variable hydraulically controlled cutting feed. The 
automatic table drive is pneumatic, solenoid-con- 
trolled, with trips and limit switches to govern table 
movement. Pressing the start button energizes one 
of the solenoids controlling a four-way air valve, 








4-Way double -solenoid air volve 
Air Motor and Control 


Micro Switch 





























DESIGN 


upper drawing previous page, which admits air to one 
end of the cylinder, driving the table forward. 
Length of stroke is determined by the setting of a 
dog on the table which trips a Micro Switch, ener- 
gizing the other solenoid and reversing cylinder 
travel. 

Speed of the cutting is controlled and table chatter 


Container Cleaning 


Tsonation of the power unit from the filling side 
of the container filling machine, below, permits easier 
maintenance of both sections and results in a more 
sanitary filling operation. The Hope Machine Co. 
Sanitype 20 machine includes, from left to right, an 
infeed conveyor, a double turnover and cleaning de- 
vice, the filler, an outfeed conveyor, and the power 
section. Sequence of operation is as follows: Con- 
tainers moving in on the conveyor are positioned into 
six filling lines and turned over 180 degrees by the 
first rotating pocket. The upside-down containers are 
cleaned by air blast and vacuum heads mounted under 
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is eliminated by a Hydro-check cylinder unit, lower 
drawing, previous page, in which the piston rod and 
piston are actuated by movement of the table. As 
the table advances, oil is forced ahead of the piston 
and out through the transfer tube at a rate con- 
trolled by a needle valve. Rate of oil flow through 
this needle valve controls piston speed and therefore, 
speed of table travel. Oil passes through a one-way 
valve in the piston on the return stroke of the table. 
Further versatility is provided by right-angle milling 
attachments which can convert both heads from hori- 
zontal to vertical milling. 


and Filling Machine 


the table surface. Clean containers are then turned 
upright by a second rotating pocket. The jars are 
next placed on a rising table positioned under the fill- 
ing nozzles. 

If a jar is missing in any of the six filling stations, 
an automatic control prevents a discharge at that 
position. The discharge conveyor delivers the filled 
containers to the side ready to be capped. Features 
incorporated into the design include an adjustable 
filling height, variable rising table movement and a 
speed range of 72 to 120 containers per minute (on 
the six-line model). 
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Two major design problems in plastics injection 
molding machinery are overcome in The Fellows 
Gear Shaper Co. Model 5C-8 machine shown below. 
The first of these, breaking the plastic into small 
cross sections or streams for better heat transfer, 
is solved by inserting a tapered separator in the heat- 
ing cylinder. A series of flutes on the separator pro- 
vides the necessary breakup of the plastic. The tapered 
construction results in better heat transfer to the 
plastic because of the more intimate contact between 
separator and cylinder wall. 


Injection Molder With Novel Heating Cylinder 


Dwelling or hang-up of the material in the heat- 
ing cylinder, the second major problem, is prevented 
by the close contact between separator and cylinder 
wall, and by joints which will resist pressures of 20,- 
000 psi at 400 to 600 F temperatures. Joint design, 
as shown on the drawing below, includes spacers 
which give a bridge type clamp on the lapped sealing 
surfaces. Electric heating bands the length of the 
heating cylinder are thermocouple-controlled. This 
machine is capable of operating at 6 cycles per minute 
and up to 80 lb per hour of polystyrene parts. 
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DESIGN 


Quick operating vise shown in the drawing, below, 
uses a tilting block arrangement to permit free slid- 
ing of the movable jaw toward or away from the 
workpiece. The tilting block floats on a spherical 
section of the operating screw, with a spring tend- 
ing to engage rack teeth on the block with teeth in 
the vise rails. Backing off on the operating screw 


Quick-Locking Vise Mechanism 


disengages the teeth and allows the movable jaw to 
slide freely; tightening the screw tilts the block so 
that teeth on block and rails engage to take the tight- 
ening load. 

Ames Precision Machine Works makes the vise with 
jaw width of 8 inches, jaw depth of 27% inches and 
maximum opening of 11 inches. 
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Plastic Cylinder 
Fabricator 


“Transparent thermoplastic cylinders 
are automatically sized for diameter 
and the joint heat sealed on the adjustable, 
expanding mandrel type cylinder fabrica- 
tor shown at the left. After the flat cyl- 
inder stock has been wrapped around the 
aluminum mandrel and cement applied to 
the overlapped joint, a foot treadle op- 
erated linkage expands the mandrel to the 
required size. Further movement of the 
treadle clamps the joint with a 14-inch 
wide sealing bar which is heated by a 115- 
volt, 100-watt heating element. Releas- 
ing the treadle causes the mandrel to con- 
tract approximately 1/16-inch and also 
lifts the sealing bar about %-inch to free 
the finished cylinder for removal. Made 
by the Tabor Instrument Corp., the fabri- 
cator can be equipped with any one of five 
mandrel sizes, each covering a 11-inch 
range, from 24% to 734 inches. 
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BOLTS 





HOW TO PREVENT THEIR LOOSENING 





By J. A. Saver, D. C. Lemmon and E. K. Lynn 


Department of Engineering Mechanics 
The Pennsylvania State College 
State College, Pa. 


LTHOUGH loosening of threaded fastenings in 
mechanical assemblies subject to vibratory 
loads is a generally accepted possibility, little 

reproducible experimental information is available 
to the designer. This is rather surprising not only 
because of the widespread use and basic importance of 
threaded connections but also because many solutions 
to the problem of loosening in the form of locknuts 
or other types of locking devices have been advocated. 
Intelligent use of such devices frequently assists in 
overcoming the loosening problem, but at the same 
time introduces certain disadvantages such as in- 
creased assembly time, weight and cost. 

Some data on the vibration loosening process of 
ordinary threaded connections have recently been 
presented by Goodier and Sweeney!. Together with this 
data, obtained by slow repeated use of a standard 
tensile testing machine, they have advanced an in- 
teresting theory of the loosening process based in 
essence on the radial “panting” action of a nut-bolt 
combination when subject to dynamic loading. It 
would appear well worthwhile to re-examine this 


loosening effect of such variables as number of load 
cycles, initial bolt tension or tightening torque, dy- 
namic-static load ratio, misalignment, surface smooth- 
ness and load relaxation. 

To subject threaded connections to a vibratory load, 
a Sonntag universal fatigue testing machine (1000 
lb capacity) was used. The construction and operation 
of this machine is described in detail by Lazan?, and 
its application to vibration loosening of threaded 
connections has been reported by Sauer and Roos’. 
The machine readily lends itself to this type of study 
by reason of its ability to superimpose any desired 
constant-amplitude sinusoidal-fluctuating load upon 
any desired static preload. 

Adaptation of the tension-compression fixture of 
the Sonntag machine to accommodate the nut-and- 
bolt asembly is illustrated in Fig. 1. Both steady 
and fluctuating loads are applied to the assembly 
through the reciprocating platen to which the bolt is 
attached. The reciprocating platen forms the top of 
a cage within which an eccentric mass rotates at 
constant angular velocity of 1800 rpm. The horizontal 
component of the centrifugal force produced by the 


jers | theory in light of experimental results on the loosen- 

ter | ing phenomena that were obtained not under quasi- rotating eccentric is absorbed by flex plates which 
ble, | static conditions but under vibratory conditions more permit only vertical motion of the cage, and the use- 
ica- | Tepresentative of actual practice. The first and neces- ful vertical component is then a sinusoidal-alternating 
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Fig. 1—Tension-compression fixture on fatigue testing ma- 
chine adapted for loosening tests 


inertia-compensating springs. The extension of these 
springs is a measure of the initial static tension. 

Also shown in Fig. 1 is the optical lever system 
used to measure the loosening of the nut relative to 
the bolt. A beam of light focused from one point light 
source is directed to a small mirror clamped on the 
nut specimen and reflected to a curved scale. The 
angle of turning of the nut is then half the angle 
indicated by the movement of the light point on the 
scale. In some experiments, a second point light 
source was used to direct a beam to a mirror, at- 
tached to the end of the bolt. From the readings of 
the position of the reflected images, the relative ro- 
tation between nut and bolt is obtained. 

With few exceptions the fastenings tested were zinc 
and cadmium-plated steel nuts, 5/16-inch diameter, 
Standard National Coarse 18 threads per inch-and 
4-inch long unhardened carbon-steel cadmium-plated 
bolts. The exceptions were one group of rolled-thread 
heat-treated bolts tested with regular cadmium-plated 
nuts. All specimens conformed to Class 3 fit gages. 

Various series and types of tests were run to de- 
termine specifically the effect of certain variables. 
A brief tabular summary of the various tests showing 
the controlled dynamic and static-load values, the 
dynamic-static load ratio, the number of specimens 
tested, the condition of mating thread surfaces of 
nut and bolt, and the type of plating and seating 
surfaces is given in TABLE 1. In the early part of each 
test, readings of the nut rotation were usually taken 
every several hundred cycles; thereafter, at greater 
intervals. The tests were usually discontinued when 
additional loosening became difficult to detect. This 
occurred for most specimens prior to 20,000 cycles, 
but in some instances, observable loosening still oc- 
curred after 50,000 cycles. 


NUMBER OF ALTERNATING LOAD CyCcLEs: In the 
first series of tests, (Series A) the specimens (5/16- 
18, cadmium plated) were statically loaded to 500 
lb corresponding to a bolt tensile stress of 9500 psi 
based on a cross-sectional area calculated from the 
mean root-pitch diameter. In Test No. 2, a dynamic 
load of 400 lb was superimposed upon the static load, 
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and in Test No. 3 a dynamic load of 450 lb was used. 
These loadings correspond to a dynamic-static load 
ratio of 450/500=0.90 and 400/500=0.80. In the 
450/500 test, the bolt stress varied from a minimum 
of 1000 psi to a maximum of 18,000 psi through one 
complete cycle. 

In Test No. 3 (the 450/500 tests), data were ob- 
tained for 17 different specimens, each succeeding 
test being run on a fresh nut and a fresh bolt of 
supposedly identical types. The plotted data in the 
form of curves for loosening vs. cycles of dynamic 
loading are shown for 10 separate specimens in Fig. 
2. Two facts are immediately evident: first, the rate 
of loosening is initially large but usually falls off 
rapidly in the region from 2000-3000 cycles and, 
secondly, there is considerable scatter in the results. 

In Test No. 2 (the 400/500 tests), twenty separate 
nut-bolt combinations were run. The data are pre- 
sented for 10 different specimens in the form of loos- 
ening curves in Fig. 3. These curves show a some- 
what similar decline in the rate of loosening in the 
2000-3000 cycle range and also indicate that the 
specific amount of loosening varies greatly with the 
individual specimens. Complete data for all specimens 
in Figs. 2 and 3 are given by Lynn* and Lemmon’. 


Variations Are Not Caused by Bolt Rotation 


The question arises as to the cause of the wide 
scatter and whether it could be due to variable 
amounts of bolt rotation. In the foregoing series of 
tests, bolt movement as such was not measured on 
the assumption that bolt rotation would not occur 
since the bolt head of each specimen was clamped 
before each run was started. However, to make certain 
that the scatter in the results was not caused by vari- 
able bolt rotation, five additional specimens—for each 
of the dynamic-static load ranges previously investi- 
gated—were tested with mirrors attached to the end 
of the bolt, and second optical lever system was used 
to record its rotary motion. No bolt rotation was 
observed, yet the inconsistencies in the amounts of 
loosening persisted. This is illustrated by Fig. 4, 
which shows the family of loosening curves obtained 
for the nut-bolt specimens of Test No. 3a. 


DYNAMIC-STATIC LOAD RATIO: In the two groups 
of tests described, the dynamic-static load ratio was 
varied but the effect of this variation was masked 
by the wide scatter in the test results. To ascertain, 
therefore, whether variable dynamic-static load ratio 
did produce an effect, it was necessary to average 
the two aforementioned families of loosening curves. 
These average curves based on data for all speci- 
mens tested are shown in Fig. 5 and do indicate 4 
greater loosening to accompany the larger dynamic- 


static load ratio. One may question whether this con- § 


dition is representative of the entire load range 4s 
only two dynamic-static load ratios were used. How- 
ever, additional experiments to be described later show 
that the trend as indicated is general. It is difficult 
to make any positive statement about the average 
rate (rather than the amount) of loosening except 
to note that for both the 0.9 and 0.8 dynamic-static 
load ratios, the rate of loosening is initially large 
and then decreases rapidly usually to some small value. 
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CONDITION OF CONTACT SURFACES: The effect of 
surface condition was first investigated by re-running 
both the 400/500 and the 450/500 tests with the in- 
dividual specimen assembly consisting of a previously 
once-used nut mounted on a bolt in such a manner 
that its threads were in contact with bolt threads not 
previously used. “Once-used” here means that the nut 
was previously subject (for some 20,000 to 48,000 
cycles) to an alternating sinusoidal load of 400 or 
450 lb (alternating stress of 7600 or 8500 psi) super- 
imposed on a static load of 500 lb (static stress of 
9500 psi). 

Loosening tests (No. 2b) were run in this manner 
for nine of the 400/500 series specimens and for 
eleven of the 450/500 specimens (Test 3b). Specific 
data as to which of the previously used specimens 
were selected as well as the actual loosening data, are 
given in full elsewhere* 5. 

It is sufficient for our purposes to show only the 
“average” loosening curves (Fig. 5) for each of the 
two different dynamic-static load ratios. Two conclu- 
sions can be drawn from the curves of Fig. 5; first, 
the decrease in the amount of loosening for the once- 
used nuts as compared to the virgin specimens is very 
marked and, secondly, the amount of loosening is less 
for the lower dynamic-static load ratio (0.80) than 
for the higher (0.90). It thus seems evident that 
previous exposure of contact surfaces to cycles of 
alternating loading is beneficial rather than harmful 
and of considerable assistance in reducing the amount 
of loosening. The data also indicate (comparing Figs. 
2 and 3 with Figs. 6 and 7) that the scatter, too, is 
considerably reduced. For sake of clarity, graphs in 
Figs. 6 and 7 are shown for only 4 specimens from 
each test group. 

To throw further light on the effect of surface 
condition, a second series of tests, known as Series B, 


Fig. 2—Typical loosening curves for 
cut threads, cadmium plated, with 
a dynamic-static load ratio of 


‘Fig. 3—Loosening curves for cut threads, 
cadmium-plated, with a dynamic-static 
load ratio of 400/500=0.80 (Series A, 


were run in which each of 20 separate 5/16-18 zinc- 
plated specimens was first carefully cleaned with a 
commercial solvent. In addition, the chamfer and face 
of each of the twenty nuts were smoothed to the 
same degree by means of a 600-grit emery paper. 
These additional precautions were taken in an effort 
to determine whether the inconsistency in the loosen- 
ing curves might be caused by dust, grease or rough 
spots on the contacting surfaces. With this new set 
of specimens, the 400/500 and 450/500 tests were re- 
peated with ten specimens (test group No. 4) and 
nine specimens (test group No. 5), respectively. 
When the resultant data were plotted, it was found 
that the individual loosening curves for each of the 
load ratios still did not coincide but differed appreci- 
ably one from the other, although each group, as a 
whole, exhibited a family of curves of the same gen- 
eral characteristics. Upon averaging these families, 
however, it was discovered that the total loosening 
was approximately one-half that observed in the first 
series of tests. This is shown for Test No. 5 by the 
upper two curves of Fig. 8 for the case of dynamic- 
static load ratio of 450/500 or 0.9. Another difference 
seems to be that the rate of loosening for the cleaned, 
smoothed specimens changes more abruptly, in such 
a manner that essentially no additional loosening 
occurs after 4000 cycles. Similar general conclusions 
were obtained for the specimens of Test No. 4. 
Several additional experiments were carried out to 
clarify the role played by condition of contact sur- 
faces. One series of experiments, noted in TABLE 1 as 
Series EF consisted of substituting rolled-thread heat- 
treated bolts for the standard cadmium or zinc-plated 
cut-thread bolts and testing these bolts on regular 
cadmium-plated nuts. In Test No. 15, eight specimens 
were subjected to a dynamic load of 600 lb and a 
static load of 750 lb for a dynamic-static ratio of 


Fig. 4—Family of loosening curves 
for dynamic-static load ratios of 
450/500=0.90 in which bolt ro- 



















































































































































































450/500=0.90 (Series A, Test 3) Test 2) for ten specimens tation was checked against nut 
loosening (Series A, Test 3a) 
6. 
ss 5 
5.0 
= 4 oan ees 
Z rl i / 
_ $s e/ 
— . 20 af 
-_— € 2 $ 
3 8 
§ toe ! 
I, 
. 1000 cycles si %% 5 10 5 20 25 ° ‘ 1090 cycles " 





1000 Cycles 


MACHINE DESIGN—August, 1950 


135 


0.8; in another group, Test No. 16, four specimens 
were subjected to the same static load by a dynamic 
load of 675 lb, thus providing a dynamic-static load 
ratio of 0.90. Some of the test results are plotted in 
Figs. 9 and 10 from which it may be seen that the 
amount of loosening has been considerably reduced 
and is even less than for the once-used nut tests of 
Fig. 5. These figures are not strictly comparable as, 
although dynamic-static load ratios are maintained, 
the load values themselves differ. Furthermore, Fig. 
5 shows average loosening curves while Figs. 9 and 10 
show individual loosening curves. 

These various tests indicate that the amount of 
loosening can be reduced in several ways, such as by 
previous subjection of the mating surfaces to alter- 
nating cycles of loading, by subjecting the contact 
surfaces to a cleansing and smoothing process de- 
signed to remove dirt, grease and surface irregular- 
ities, or by use of bolts having initially smoother and 
more regular surfaces by reason of their method of 
manufacture. All of these methods are probably alike 
in one respect, viz, they permit greater and more 
intimate surface contact between the mating parts 
and in so doing probably result in a considerable in- 
crease of the “effective” coefficient of friction. 


ALIGNMENT: Since neither previous subjection to 
alternating loading nor a uniform process of cleansing 
and smoothing completely eliminated the scatter of 
results between individual specimens (although both 
were beneficial in this respect), other causes were 
considered. One such cause, it was felt, might be mis- 
alignment, caused by variations in angle between 
head and shank of bolt and between base of nut and 
nut axis or by slight differences in technique of set- 
ting up specimens. In an effort to control this fac- 
tor, spherical seats were constructed and installed. 

Another set of specimens, Series C, were prepared 
for testing with spherical seats. Each specimen was 
cleaned and its nut chamfer and face smoothed as pre- 
viously indicated. The usual 400/500 and the 450/500 
tests were then repeated, with ten separate speci- 


TABLE 1—Summary of Loosening Tests 


mens, Test No. 6, being tested at the 0.8 dynamic- 
static ratio and six separate specimens, Test No. 7, 
at the 0.9 ratio. The experimental data when plotted 
again showed two families of curves and hence scat- 
ter was still present. This persistence of scatter de- 
spite the additional precautions that were taken in an 
effort to obtain alignment uniformity, seem to indicate 
that perhaps surface roughness of the threads is alone 
responsible for the discrepancies. The commercial 
manufacturing processes for standard fastenings can- 
not produce individual nuts with identical thread sur- 
faces and hence it is perhaps too much to expect that 
consistent loosening data can be obtained on suppos- 
edly identical samples even when other sources of 
difference are eliminated. 


Spherical Seats Improve Holding 


However, when average rather than individual loos- 
ening curves are plotted, there is a significant de- 


crease in the amount of loosening. This is clearly § 


shown, Fig. 8, by comparing the average loosening 
data for Series C specimens (spherically seated), 
with the average results of Series B specimens. 


TIGHTENING TORQUE AND INITIAL BOLT TENSION: 
Since in many applications the bolted assembly is 
subject to a definite and sometimes determinable al- 
ternating loading, it was thought worthwhile to run 
one series of tests in which the magnitude of the 
alternating loading was fixed, but in which the initial 
tightening of the nut-bolt combination and hence the 
initial bolt tension was varied from group to group. 
As noted in TABLE 1, this series of tests, Series D, 
contained seven groups (Test Nos. 8-14) of speci- 
mens, each test containing from five to ten separate 
specimens. This series of tests was run using the 
spherically seated fixtures and, prior to each test, 
the threads were cleaned and the nut smoothed. 

It was desired that the testing procedure would 
simulate as closely as possible the tightening opera- 
tion that would be encountered in actual practice, 


(5/16—18 NC Class 3) 





Condition of 
Threads and Surfaces+ 
Nut Bolt 


Test 
No. 


Series 
Group 


Number of 
Specimens 
Tested 


—— Loosening Curves —— 
Separate Specimen 
Specimens Averages 


Dynamic- 
Static 
Load Ratio 


Load 
Dynamic 
(Ib) 





Static 
(ib) 





New 
New 
New 
New 
New 
New 


New 
New 
New 
New 
Once-used 
Once-used 


A-—Cut threads, 
cadmium plated 


20 
17 


Fig. 3 Fig. 5 
Fig. 2 Fig. 5 
Fig. 5 
Fig. 5 
Fig. 5 
Fig. 5 


0.80 
0.90 
0.80 
0.90 
0.80 
0.90 


500 
500 
500 
500 
500 
500 


400 
450 
400 
450 
400 
450 


Pig. 4 
Fig. 6 





Cleaned 
Cleaned 


Cleaned* 
Cleaned* 


B—Cut threads, 
zine plated 


0.80 
0.90 


500 
500 


400 


450 Fig. 8 








Cleaned 
Cleaned 


Cleaned* 
Cleaned* 


c—Cut threads, oe 
zinc plated 


0.80 
0.90 


500 
500 


400 seo 
450 Fig. 8 


——_——$——$ 





Cleaned 
Cleaned 
Cleaned 
Cleaned 
Cleaned 
Cleaned 
Cleaned 


Cleaned* 
Cleaned* 
Cleaned* 
Cleaned* 
Cleaned* 
Cleaned* 
Cleaned* 


D—Cut threads, 
zinc plated 


Fig. 11 
Fig. 11 
Fig. 11 
Fig. 11 
Fig. 11 


0.25 
0.50 
0.75 
0.90 
0.95 
0.98 
1.00 


1000 
500 
333 
278 
263 
255 
250 


250 
250 
250 
250 
250 
250 
250 





E—Nuts cadmium plated _ 
Bolts rolled threads, 
heat-treated 


Cleaned 
Cleaned 


New 
New 


0.80 
0.90 


600 
675 


750 
750 





* Nuts cleaned with faces and chamfers smoothed. 
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t Seating Surfaces: 


Series A, B, E—Flat plates; Series C, D—Spherical seats. 
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Fig. 8—Average loosening curves 
Fig. 5—Average loosening curves Fig. 7—Loosening curves for dynamic- showing effect of contact surface 
)s- § for Series A tests showing effects of static load ratio of 450/500=0.90 with conditions and effect of align-. 


le- dynamic-static load ratios and re- once-used nuts on new bolts (Series A, ment. Dynamic-static load ratio: 
‘ly peated use of nuts (Series A tests) Test 3b) indicate reduced scatter 450/500= 0.90 
ng 
1), 
N: assuming, say, that the nut-bolt combination were to be expected in view of the scatter in the individual 
is used to draw together and clamp a rigid steel as- loosening curves and the limited number of specimens 
al sembly. Because of inherent differences in the test that were tested in each group. Fig. 11 also shows 
al setup and the assumed rigid assembly of practice, the trend of loosening as a function of tightening 
he this could not be done exactly. Compare, for instance, torque even though for any given group of specimens 
‘al the spring constant of a bolt clamping rigid steel plates individual values of tightening torque varied widely, 
na with that of the experimental setup of Fig. 1. In the Fig. 12. However, it is seen from this figure that if 
rp. first case, the spring constant is K=H(A/L) = average values of the tightening torques for each 
D 650,000 lb/in. (HE=modulus of elasticity of steel, group of specimens are plotted as a function of bolt 
oil A=cross-sectional area of bolt body, and L=length tension, a linear relation is found over the range 
of bolt under tension) while in the experimental ap- tested. Therefore, for a given dynamic loading, the 
ate oe : . . ‘ > 
he paratus it is the same as that of the preload springs, amount of loosening will decrease with increase of 
a viz. 3150 Ib/in. tightening torque and hence the importance of prop- 
= er tightening, so as to keep the dynamic-static load 
‘ld Simulated Tightening Conditions ratio small, cannot be overstressed. 
ra LOAD RELAXATION: If loosening occurs, no matter 
ce, The assumed practical conditions were approximate- how little, when a mechanical assembly is subject 
ly simulated by turning the torque wrench only to vibration, the bolt tension will be somewhat reduced 
through that angle which would give the same rela- and the clamping force will be somewhat relaxed. 
tive rotary motion of the nut-bolt combination that This, in turn, will produce an increase of the dynamic- 
__} it would experience if clamping rigid plates. In other static load ratio and hence, as Figs. 5 and 11 show, 
— | words, before the tightening torque was applied, the there will be a tendency for the loosening to increase. 
. | bolt-nut specimen was preloaded by the preload We have also seen, however, (Figs. 2 and 3) that the 
— springs to such a point that the rotary motion and rate of loosening tends to decrease rapidly with in- 
deflection accompanying the subsequent tightening crease in number of cycles of alternating loading. 
5 brought the stress to the desired initial static value. Hence, in practice, there will be two opposing ten- 
In all Series D tests, the sinusoidal alternating dencies operating once loosening under vibratory 
, load was maintained at a magnitude of 250 lb, while loading has started; one, due to effect of load cycles 
—— the static load measured by deflection of the preload tends to retard the loosening forces, the other, due 
; springs was varied from 1000 Ib in Test No. 8 to 250 to load relaxation and consequent increase in dynamic- 
~ § lb in Test No. 14. This corresponded to a range of static load ratio, tends to increase loosening. 
Bo dynamic-static ratios from 250/1000 — 0.25 to 250/250 The importance of load relaxation is masked in 
11 =1.00. The test data, shown in the form of average the experimental apparatus since the soft springs 
” loosening curves for each of seven different values used to apply the static load permit virtually no re- 
‘i of initial bolt tension varying from 1000 to 250, are laxation to take place. A loosening of one degree, 
11 shown in Fig. 11. These graphs illustrate the effect for example, corresponds to a relaxation of only 0.5-lb 
7 of dynamic-static load ratio, confirming the previous in the bolt load. Had the bolt been used, however, 
— indications that loosening increases with increase of to clamp a rigid steel assembly, a loosening of one 
: this ratio. There are some slight abnormalities, such degree would correspond to 100 lb load relaxation. 
as the 0.90 curve showing slightly greater loosening The data of Fig. 11 may now be used to obtain, for 
— than the 0.95 curve but such differences are probably any given number of load cycles, “equivalent” load 
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Fig. 9—Above—Loosening curves using cadmium-plated 
nuts and heat-treated rolled-thread bolts. Dynamic-static 
load ratio: 600/750=0.80 (Series E, Test 15) 


Fig. 10—Below—Loosening curves for nuts and bolts similar 
to those in Fig. 9 except dynamic-static load ratio is 
675/750=0.90 (Series E, Test 16) 
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Fig. 11—Average loosening curves for cut threads, zinc 

plated, which have been cleaned and nut faces smoothed. 

Effect of initial bolt tension and effect of dynamic-static 
load ratio are indicated (Series D tests) 


relaxation as a function of dynamic-static load ratio 
(or as a function of initial bolt tension or tightening 
torque, whichever is desired). 

One such equivalent load relaxation curve for speci- 
mens of Series D for 10,000 cycles of dynamic stress- 
ing is shown in Fig. 13. In this figure, equivalent 
load relaxations are also shown for specimens of 
Series C, corresponding to the average loosening 
curves for dynamic-static load ratios of 0.80 and 0.90. 
Even though the actual dynamic-static load magni- 
tudes differed in these two series of tests, it is in- 
teresting to note that the plotted points all follow the 
same trend. There appears to be little load relaxation 
for low dynamic-static ratios but the curve exhibits 
a “knee” in the neighborhood of a dynamic-static 
load ratio of 0.8. For higher ratios, the amount of 
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load relaxation becomes a significant percentage of 
the original static load and hence dynamic-static 
load ratios greater than 0.8 should definitely be avoid- 
ed in practice. Load relaxations of 10 or 20 per cent 
or more usually can not be tolerated. Under these 
conditions most bolted assemblies would be failing 
to fulfill their primary function. 

Although felt particularly at high dynamic-static 
load ratios, the effect of load relaxation is to cause 
the actual loosening curves, determined experiment- 
ally, to differ from the “true” loosening curves that 
would be found were the nut-bolt unit clamping a 
rigid assembly. However, for low dynamic-static load 
ratios, the decrease in rate of loosening with increas- 
ing number of cycles would seem to overcompensate 
any slight increase that might occur due to relax- 
ation and hence the corresponding true loosening 
curves should be little different from those of Figs 8 
or 11. Probably the only effect would be to slightly 
shift the relatively sharp knee of Fig. 13 to a some- 
what lower ratio, say, 0.7. Use of higher ratios in act- 
ual practice would then be unwise, whereas dynamic- 
static load ratios of 0.60 or less would seem safe. 

The experimental data indicates the effect of a 
number of specific variables on loosening. It should 
be borne in mind, however, that all tests were run 
at one thread helix angle on one size specimen 
(5/16-18), and at one frequency of alternating vi- 
bration (30 cps). It would be well before generaliza- 
tions from these test results are made to have addi- 
tional test information on the loosening of specimens 
of different size, different helix angle, and subject 
to different frequencies of vibration. Unfortunately, 
very little such data are available. The only other 
test information of which we are aware is that of 
Goodier and Sweeney!, who conducted tests in some 
34-inch diameter American Standard nuts having 


Fig. 12—Tightening torques plotted against static load 
showing linear relationship (Series D tests) 
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10 threads to the inch. They applied alternating 
loading at very low frequencies by setting up the 
specimens in a standard type tensile machine and 
then loading and unloading for some 500 cycles. 
They measured nut-bolt rotation during both the load- 
ing and unloading portions of a load cycle and found 
the cumulative loosening to vary with the type of 
machine used (total of three) and from specimen to 
specimen for a given machine. Since their vibratory 
loading was not continued past 500 cycles, it is hardly 
possible to note the large reduction in rate of loosen- 
ing found in these high-frequency tests. However, 
their reported rates of loosening do appear to decrease 
with increase in the number of load cycles. 

The various phenomena that have been observed 
in these tests seem to be intimately connected with 
the basic nature, and the relative smoothness and fit 
of the contacting surfaces. For example, variations of 
surface conditions from specimen to specimen are 
unavoidable in the manufacture of threaded parts. 
Hence, if surface conditions do play a prominent part 
in the loosening process, it would be expected that 
the amount of loosening would vary from specimen 
to specimen even when other factors such as dynamic- 
static load ratio, alignment, etc. were kept constant. 

Reduction in rate of loosening with increase of load 
cycles is probably directly attributable to changes 
in surface conditions produced by action of the dy- 
namic load and might reasonably be described in 
terms of an effective coefficient of friction »’ which 
itself increases with number of vibrations. When ,’ 
reaches some critical value, loosening stops and the 
rate of loosening tends to approach zero as indicated 
by the curves of Figs. 2 and 3. Reduction of loosening 
by cleansing or smoothing the surfaces with sand- 
paper is then to be expected as both of these processes 
would tend to increase the surface coefficient of fric- 


Fig. 13—Effect of dynamic-static load ratio on static load 
relaxation, showing need for keeping ratio below 7 
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tion and hence the overall frictional resistance to 
rotation. Improvement of alignment, resulting in 
greater seating contact and more intimate mating of 
the contacting parts likewise would be expected to 
increase the effective coefficient of friction. 


How To Prevent Loosening 


Although existing data are limited, steps to be 
taken or procedures to be adopted in overcoming 
vibration loosening include: 


1. Proper specification of working loads 
2. Smooth, clean contact surfaces 
3. Alignment of contacting parts. 


The most important would appear to be proper 
specification of working loads so that the dynamic 
load will not approach or exceed the static tensile 
load originally developed in the tightening operation. 
For a given magnitude of dynamic load, this would 
imply proper control of the tightening operation so 
as to insure the building up of a static tension greater 
in value than the dynamic load to be carried. Exactly 
how much greater is difficult to say, but the results 
of the present investigation indicate that it is desir- 
able to keep the dynamic-static load ratio in the range 
of 0.7 or less if the deleterious effects of load relax- 
ation are to be overcome. As has been strongly em- 
phasized by Almen®, there is no question but that the 
“man with the wrench” carries responsibility. 

Another significant precaution is adequate control 
of the method of manufacture, fabrication, assembly, 
and maintenance so as to have all contact surfaces 
at the threads, base of nut and head of bolt, in the 
best possible condition of cleanliness and smoothness. 
Smooth, clean surfaces provide higher frictional re- 
sistance to rotary motion and are helpful in reduc-' 
ing the amount of loosening which tends to take place 
under vibratory loading. 

Improvement in alignment is also helpful as it 
results in better mating of the contacting parts in 
somewhat the same manner as does removal of dirt, 
grease or surface irregularities. The use of high fric- 
tion coefficient washers between the face of the nut 
and the seating surfaces, as advocated by Sweeney’ 
is but another way of increasing the so-called effective 
coefficient of friction and, as such, will be beneficial. 
In general, any steps leading to better mating of parts 
and to greater uniformity of the degree of smoothness 
and cleanliness of the surfaces—such as, for example, 
the simple subjection of the mating surfaces to cycles 
of dynamic loading—will be of assistance in over- 
coming loosening. 
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MILESTONES wv 


By John Kremer 
Cleveland, O. 


The Dictating Machine 


OME time after man first began to use audible 
speech he wanted to be free of the limitations of 
his own memory and mouth for the retention 

and voicing of words. Out of this grew the various 
phonetic alphabets and idiographs and scripts and 
one of the chief avenues along which he progressed 
until 1880. That was by writing and reading “... 
and of the making of many books there is no end.” 

But there were other approaches. The powerful 
had slaves to memorize and repeat; and there were 
wandering minstrels in medieval times. Those who 
had a way with birds trained them to talk, albeit 














capriciously: Pliny in the 1st Cen- 
tury A. D. remarks of the parrot, 
“India sends us this bird—it will 
duly salute an emperor and pro- 
nounce words it has heard; it is 
especially frolicsome under the influence of wine.” 
Those of philosophic turn realized that no living 
thing was needed for the storage and later repetition 
of sounds as echoes. 


Fig. 1—Left—Phonautograph devised by Scott in 1857 and 
constructed by Koenig. Marking stylus was attached to 
a sensitive diaphragm 


Fig. 2—Below—An early sound record made by an instru- 
ment similar to the Phonautograph in Fig. 1 
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Fig. 3—Below—Edison’s cylinder 

type Phonograph, patented in 

1878, which employed a groove 
of varying depih 











Fig. 4—Above—Edison’s wax disk type Phono- 
graph recorder in which groove was sinuous 
with approximately uniform depth and width 





Fig. 5—Below—Patent showing Poulsen’‘s first 

disclosure, in this country, of a magnetic re- 

200,521. PHONOGRAPH OR SPEAKING Macuines. T. corder for “reproducing sounds or signals” 
A, Edison, Menlo Park, N. J. Filed Dec, 24, 1877. 


To all whom it may concern: ; 
Be it known that I, THomas A, EDIson, of 


Menlo Park, in the county of Middlesex and Ne. 601,619. Patented Nov. 13, 1900. 
State of New Jersey, have invented an Im- Vv. POULSEN. 

provement in Phonograph or Speaking Ma- METHOD OF RECORDING AND REPRODUCING SOUNDS OR SIGNALS. 
chines, of which the following is a specifica- ake’ ron methine ts SQeinntein € 


tion: 
The object of this invention is to record in 
permanent characters the human voice and 


ocee pisseneeennunnauccaeccsecassssusnessnuseneusnensnansaescuesenans 


” 


In the last quarter of the 19th Century Thomas A. 
Edison, who in 1869 at the age of 22 had received 
$40,000 for his stock-ticker printing telegraph inven- 
tion, was seeking new fields to conquer. He was a 
keen student of Faraday and other great European 
and | Scientists and undoubtedly knew of the work of Leon 
| t0 | Scott and Koenig, announced in 1857, on the Phon- 
autograph, Fig. 1, that caused sound to inscribe it- 
self as marks of a whisker attached to a diaphragm 
#ry- | At one end and bearing on a moving smoked surface 
at the other, Fig. 2. 

Edison, who was a leader in improving the tele- 
graph and had been working on speaking tubes and 
the carbon-button and diaphragm telephone trans- 
mitter, was granted U. S. patent 200,521 on his Phono- 
graph, Figs. 3 and 4, in 1878. 

In Edison’s talking Phonograph patent he spoke 
of “. . .a diaphragm capable of being vibrated by the 
human voice in conjunction with a material capable 
of registering the movement of such vibrating body 
... by altering such material in such a manner... 
that will be sufficient to cause a second vibrating CESSES! J 
body to be set in motion and reproduce the motion a, on ence: Petter: 
of the first vibrating body.” He mentioned a foil Wale Mt. Mhaprve Sf Web Miafarn— 
record. In the days before the development of Rts. 
— | modern plastics it was, perforce, a metallic foil. In 
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Edison’s first patent he spoke of the hill and dale and 
the lateral-cut record and of the electrically actuated 
recorder. 

Here are some extracts from an article Edison 
wrote in 1878 on the phonograph and its future. He 
announced as novel accomplishments of the Phono- 
graph: 

“1. The captivity of all manner of sound-waves 
neretofore designated as ‘fugitive’ and their perma- 
nent retention. 

“2. Their reproduction with all their original char- 
acteristics at will, without the presence or consent 
of the original source, and after the lapse of any 
period of time. 

“3. The transmission of such captive sounds 
through ordinary channels of commercial intercourse 
and trade in material form, for the purpose of com- 
munication or as merchantable goods. (The mail- 
able record was to replace the written letter.) 

“4, Indefinite multiplication and preservation of 
such sounds, without regard to the existence or non- 
existence of the original source. 

“5. The captivation of sounds, with or without the 
knowledge or consent of the source of their origin.” 

And as more important applications he mentioned: 

“Letter-writing and other forms of dictation, books, 
education, reader, music, family-record; and such 
electrotype applications as books, musical boxes, toys, 
clocks, advertising and signalling apparatus, speeches, 
etc.”, and says also of phonographic books that: 

“For the preservation of languages (as of Indian 
tribes) they would be invaluable.” Writing of toys 
he said: 

“A doll which may speak, sing, cry or laugh may 























Fig. 6 — Above — Poulsen’s Telegraphone, a “Magnetic 
Speech Recorder”, consisting of an electromagnet sliding 
along a length of piano wire 


Fig. 7—Below—“Telephonic Newspaper” magnetic recorder 
suggested by Poulsen in 1900 
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be safely promised our children for the Christmas 
holidays ensuing. Every species of animal or me- 
chanical toy—such as locomotives, etc.—may be sup- 
plied with their natural and characteristic sounds,” 
anticipating much of what was to come in the pro- 
duction of cartoons of the sound movies and radio 
broadcasts of half a century later. 

Edison’s Phonograph was, of course, the prede- 
cessor of the familiar groove type office dictating 
machines in use today. 


Magnetic Recorder Described in 1888 


It is not generally realized that the modern mag- 
netic tape recorder was anticipated by Oberlin Smith 
over 60 years ago. Writing in the Electrical World 
of September 8, 1888, Smith disclosed for the first 
time the principles of the magnetic dictating machine. 
He said: 

“The voice or other sound is delivered into an ordi- 
nary telephone. The current, broken into waves of 
varying lengths and intensities corresponding with the 
vibrations of the diaphragm in the telephone, passes 
in its circuit through a helix, converting into a per- 
manent magnet any piece of hardened steel which 
may be at the time within the helix. Through this 
helix passes a cord, string, thread, ribbon, chain, or 
wire made wholly or partly of hardened steel, and 
kept in motion by being wound on to the reel. 

“Another imaginable form would be simply a hard 
steel wire, but it is scarcely possible that it would 
divide itself up properly into a number of short 
magnets. The magnetic influence would probably be 
distributed along the wire in a most totally depraved 
way, with nodal points just where they were not 
wanted. If it could be made to work it obviously 
would be the simplest thing yet suggested.” 


Poulsen’s Magnetic Recorder Patented in 1900 


But in 1900 Valdemar Poulsen made it work, Fig. 
5. In Poulsen’s words, written in that year: 

“The following is a description of the principles 
and the arrangement of my invention, which I have 
called the Telegraphone. A steel wire (piano wire) 
AB, about 1.5m (5 ft) long and 0.5m (1/50-inch) in 
diameter is stretched on a board (Fig. 6). Along it 
can slide the electromagnet, EZ, which embraces it 
with one of the poles. The core of the electromagnet 
is a piece of soft iron wire about 8mm (1/3-inch) 
long and 0.75mm (3/100-inch) in diameter, and the 
electromagnet itself is in series with a battery and 
microphone, or is connected to a transformer in the 
microphone circuit. At the beginning of an experi- 
ment the wire should be completely unmagnetized. 

“If, while the electromagnet is sliding along the 
wire with a velocity of about 1m per second, the 
microphone is spoken into, the current fluctuations 
produced register themselves by means of the elec 
tromagnet on the steel wire. If now the electromag- 
net is connected up with a telephone and made t0 
travel over the wire again, the telephone repeats 
what was spoken into the microphone. Thus, owing 
to the great coercive strength of steel, there has been 

(Concluded on Page 206) 
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Fig. 1 — Arrangements 
of oil holes and grooves 
in bearings 


Sets 31 & 51, oil hole at O° 
Sets 32 & 52, oil holes at 120° & 300° 
Sets 34 & 54, oil holes at 45° 135% 


225°, and 315° 


All holes 0.125" diam., chamfered to 


0.18" diam. at edge 























Sets 33 & 53, axial groove, 0.10" width 
0.04" depth ° . " 


Sets 35 & 55, circumferential groove, 
0.150" width, 0.075" depth 


Average shoft diom.- 2.055" 


Effects of Oil Holes and Grooves 


On Bearing Performance 


By S. A. McKee and H. S. White 


National Bureau of Standards 
Washington, D. C. 


NE of the problems in the lubrication of plain 
journal bearings is the method of admitting oil 
to the bearing. The concept of the load-carry- 

ing film indicates the desirability of avoiding the use 
of oil holes or grooves which interfere with the normal 
development of hydrostatic pressure to support the 
load. In some bearing installations, however, it is not 
always possible to satisfy this requirement. With 
bearings where loads are fluctuating in both intensity 
and direction, it is sometimes impracticable to apply 
the oil to the unloaded side throughout the complete 
load cycle. Also, in some cases provision must be 
made for a continuous flow of oil to some other mov- 
ing part. 

This article discusses tests which were made to de- 
termine the comparative performance of journal bear- 
ings with various arrangements of holes or grooves 
when using forced-feed lubrication under conditions 
where the load was unidirectional on the bearing. Op- 
eration was tested with three arrangements of oil 
holes and two types of oil grooves in the surface of 





From a paper presented at the ASME Spring Meeting, Washington, 
D. C., April, 1950. 
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the bearing. Also, three arrangements for feeding 
the oil from the center of a hollow shaft were tried. 
Holes or grooves were located at the axial center of 
the bearing. Two clearance-diameter ratios were used 
with each arrangement and test runs were made at 
constant speed. The data cover operation with one 
oil at one oil-inlet temperature and two speeds. In 
some of the tests the loads were increased until un- 
stable lubrication was reached. 

In TABLE 1, f = coefficient of friction; Z = abso- 
lute viscosity of lubricant at atmospheric pressure 
and bearing temperature, centipoises; N = speed of 
journal, revolutions per minute; P = pressure on pro- 
jected area of bearing, pounds per square inch; and 
ZN/P = generalized operating variable. Lubrication 
is more stable and bearings wear less at high ZN/P 
values. Friction ratings are given as: A, relatively 
low friction; B, intermediate friction; and C, high 
friction. Since load ratings vary with bearing “run- 
in,” values for the fourth run are used in indicating 
relative load-carrying capacity. Capacity decreases 
from A to D in the table. 

The influence of the various arrangements of oil 
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holes and grooves on the behavior of bearings is: 


One Oil Hole in Bearing. With this arrangement, 
the absence of holes or grooves on the loaded side of 
the bearing provides for normal development of pres- 
sure in the oil film. Consequently, the bearing has 
relatively low friction and low ZN /P at transition be- 
tween stable and unstable lubrication. While the 
single hole does not provide the highest oil flow, it 
would seem to be sufficient to provide adequate heat 
dissipation for most conditions. 


Two Oil Holes in Bearing. The hole on the loaded 
side with this arrangement apparently disturbs the 
normal development of pressure in the film sufficient- 
ly to make a measurable increase in friction and ZN/P 
at the transition point. The particular location of the 
oil hole on the unloaded side is adverse from the 
standpoint of oil flow, hence the rate of heat dissipa- 
tion is somewhat lower than the arrangement with 
one hole in the bearing. 


Axial Groove in Bearing. This arrangement ap- 
parently provides a slightly better distribution of oil 
for the development of the load-carrying film than the 
arrangement with one hole in the bearing. Conse- 
quently, the bearing has low friction and lowest crit- 
ical ZN/P, and the high oil flow provided is advan- 
tageous where forced cooling is necessary. 

Four Holes in Bearing. This arrangement has two 
holes on the loaded side, which disturbs the develop- 
ment of pressure in the film to a greater extent than 
the arrangement with two holes in the bearing; its 
critical ZN /P is higher, but the friction is comparable. 
The two holes on the unloaded side are not in ad- 
vantageous positions, and the oil flow and rate of 
heat dissipation are comparable to the arrangement 
with one hole in the bearing. 

Circumferential Groove in Bearing. The groove di- 
viding the bearing into two narrower parts increases 
the friction and causes a relatively high critical ZN /P. 
The high friction is counteracted by high oil flow and 
rate of heat dissipation. 


One Oil Hole in Shaft. The passage of one oil hole 
across the loaded portion of the oil film has relatively 
small effect on both friction and critical ZN/P, which 
are only slightly higher than for the arrangement 
with one hole in the bearing. When the hole is ex- 
posed to séme portions of the loaded area, the oil 
feed is practically shut off. Consequently this ar- 
rangement results in the lowest oil flow and rate of 
heat dissipation. 

Two Oil Holes in Shaft. With two oil holes for 
each journal, the disturbance to film-pressure devel- 
opment occurs twice in a revolution, resulting in 
slightly higher friction and critical ZN/P than with 
the arrangement with one hole in the shaft. The two 
holes also provide a greater oil flow and rate of heat 
dissipation. In this respect performance is compar- 
able to the test arrangement having two holes in the 
bearing. 

One Oil Hole with Flat On Shaft. The flat at the 
end of the oil hole causes considerable disturbance to 
the development of pressure in the oil film, increases 
the friction, and markedly increases the critical value 
of ZN/P. Oil flow and rate of heat dissipation are 
higher than the arrangement with one hole in the 
shaft without the flat, but not sufficient to counter- 
act the effect of high ZN/P at transition from stable 
to unstable lubrication. 

The results of these tests apply directly to uni- 
directionally loaded bearings for the particular range 
of conditions covered. The indicated differences be- 
tween the various arrangements are not necessarily 
strictly indicative of more complex conditions where 
the load varies in both intensity and direction with 
respect to the bearings. It is believed, however, that 
the relative values obtained may be useful qualita- 
tively in estimating the overall effects of various ar- 
rangements of holes or grooves under more complex 
loading conditions, especially if proper consideration 
is given to conditions present throughout the complete 
load cycle. 


Table 1—Bearing Dimensions, Friction and Load Ratings 






















































































—Shaft and Bearing Di Friction Rating —Bearing Capacity Ratings— 
Avg Avg Load- 
critical critical carry- 
ZN/P ZN/P ing 
Avg Diam- Length- for each for each ca- 
Design of Bearing clearance, C clearance diam Aft at Aft at Avg Aft for Friction design design pacity 
oil feed set lin.) ratio, D/C _ ratio, L/D ZN/P=10 ZN/P=70 each design rating (Ist run) (4th run) rating 
1 hole 31 0.0031 663 0.620 0.00101 0.00149 
in 0.00130 A 3.2 1.6 A 
bearing 5 1 0.0051 403 0.620 0. 00106 0.001 64 
2 holes 32 0.0031 663 0.620 0.00128 0.00187 
in 0.00147 B 3.6 2.7 B 
bearing =s_—s—séS2 0.0051 403 0.620 0.00113 0.00159 
Axial groove 33° °—~—i‘“‘i«i‘«‘ CB 663 0.620 0.00101 0.00143 
inbearing —53_—S— 0.0051 408 0.620 0.00101 0.00149 «= w.:—«P- 00124 A 2.9 aA re 
4 holes 34 0.0031 663 0.620 0.00125 0.00165 fiel 
in 0.00143 B 4.4 3.4 c 
bearing 540.0051 408 0.620 0.00116 0.00166 cre: 
Circum. 35 0.0031 663 0.547* 0.00186 0.00340 bro 
groove in 0.00240 Cc 4.2 2.8 B 
bearing __ 35 0.0051 403 0.547* 0.00149 0.00284 tec] 
1 hole $31 0.0031 663 0.620 0.00109 0.00166 
in 0.00136 AorB 2.6 1.8 A cat 
shaft S51 0.0051 403 0.620 0.00107 0.00162 si 
2 holes $32 0.0031 663 0.620 0.00112 0.00169 6 
in 0.00143 B 2.8 1.9 A | des 
shaft S52 0.0051 403 0.620 0.00111 0.00181 
1 hole $33 0.0031 663 0.620 0.00137 0.00153 F 
with flat 0.00146 B 7.4 5.4 D 
in shaft 853 0.0051 403 0.620 0.00126 0.00166 — 





wy 


* Allowance made for circumferential groove. t L/D correction representing difference between experimental data and Petroff equation. 
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PRODUCTION 


THEIR INFLUENCE ON DESIGN e 






By Roger W. Bolz 
Associate Editor, Machine Design 


MONG the earliest objects fashioned by man, 
ceramic products have withstood the test of 
centuries and still find application in numerous 

fields. Exceptional properties of ceramics have in- 
creased their use and their availability and have 
brought about the development of highly specialized 
technical ceramics suited to unusual industrial appli- 
cations, Fig. 1. Properly chosen and suitably de- 
signed, technical ceramics can fill a real need in the 
design of industrial equipment. 

Failure to consider the use of ceramics in mechan- 
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PROCESSES 


PART 53 


ee 


ical equipment generally stems from the rather 
meager knowledge of these materials and lack of 
data with which to design such parts to assure not 
only better performance but lower production costs. 


CERAMICS: Traditionally, ceramic materials have 
been composed largely of naturally occurring clays, 
alone or in admixture with various amounts of quartz, 
feldspar and other nonmetallic minerals. The term 
ceramic often implies, in addition, the field of articles 
made from glass but in this article glasses will not 
be considered owing to the difference in manufacture. 
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High-Clay Ceramics: In all probability, parts pro- 
duced from compositions consisting predominantly of 
clays account for the largest tonnage of manufac- al 
tured ceramics. For convenience, these may be said 
to have a clay content in excess of 50 per cent. These th 
ceramics are characterized by high shrinkage—ap-]| 
proximately 25 per cent by volume—during drying of 
and firing and, therefore, exhibit the widest size 
variation. To a large extent, the production toler- Ww 
ances are a direct function of the clay content. Parts dr 
produced include almost all structural clay products, ha 
clay-base refractories, most chemical porcelains and 
stoneware, electrical and mechanical porcelains. 

Low-Clay Ceramics: This classification includes de 
steatite and other low-loss dielectrics, special and at 
super-refractories, and special porcelains. Steatite | ,, 
normally carries over 80 per cent tale (hydrated mag- | 4p, 
nesium silicate) which is bonded with ceramic fluxes. 
Shrinkage is low and close tolerances can be held. din 

Clay-Free Ceramics: This small but nevertheless de 
important group of ceramics has compositions en- ie 
tirely devoid of clay. Included in the group are the Me 
pure oxide types and the so-called cermets which have 
properties between metals and ceramics. 

PRODUCTION METHODS: Second most important ef- 
fect on the tolerances to which a ceramic part can be 
manufactured is produced by the method of forming 
involved. Various methods are used for forming 
ceramic bodies prior to firing and consequently prac- ] sul 
tical production design must take cognizance of not § an 
only the tolerance effect of the method required but | dir 
also the general _yange and limitations imposed. Cate- J An 
gorically speaking the various forming methods are | an 


sp 

Fig. 1—Left—A variety of intricate ceramic parts designed | P*! 
for industrial, electronic, and machine applications ag 

an 

Fig. 2—Left, below—Chart of ceramics manufacturing | fire 
processes and procedures utilized today ] 


aus 
Fig. 3—Below—Group of cross sections showing possibilities | op, 
of extrusion process for uniform sections 
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either of the wet or the dry process type, Fig. 2. 

Ceramic to be formed by one of the wet methods is 
given the desired plasticity through the use of a suit- 
able quantity of plastic clay together with sufficient 
water to provide a relatively soft, plastic mass. When 
the physical requirements of the fired material make 
it impossible to secure the required plasticity by use 
of clay and water, the mix may be plasticized by 
means of organic binders and plasticizing agents. 
With low-clay and clay-free ceramics, however, the 
dry process is often used, semimoist granular powder 
having 2 to 12 per cent water by weight being com- 
pressed in dies to the desired form. Ceramics to be 
molded by casting are made fluid by the addition of 
defioculants such as sodium silicate, sodium carbon- 
ate, or solutions of salts which yield hydroxyl iron 
and do not ordinarily contain any more water than 
those prepared for ordinary wet methods. 

PLASTIC WET PROCESSES: Oldest and probably most 
diversified general process, plastic wet forming con- 
sists of five methods of preliminary shaping—extru- 
sion, throwing, jiggering, pressing, and casting. 
Method of preliminary forming to be used depends 
upon the part design features and the economical 
manufacturing considerations. 


Machining Done Before Firing 


After preliminary forming, the molded pieces are 
subjected to a drying period under controlled heat 
and humidity. Degree of drying depends upon the 
dimensional accuracy desired in the finished part. 
Any final shaping required is performed at this stage 
and, if glazing is necessary, the piece is dipped or 
sprayed with a mixture of glazing materials sus- 
pended in a relatively high percentage of water and 
again dried. To develop the final physical, electrical 
and mechanical characteristics the formed pieces are 
fired in a kiln at approximately 2200 F. 

Extrusion: Most frequently used extruder is the 
auger or screw type, usually fitted with a vacuum 
chamber for removal of occluded gases. Often re- 
ferred to as pugging, extrusion may be done with or 
without a mandrel or core to shape sections of al- 
most any variety, Fig. 3. 

Although this method is limited to pieces of uni- 
form cross section, machining prior to firing may be 
used to produce the desired external shape, Fig. 4. 
While internal machining can be done, it is expensive 
and is better avoided. Extrusions from 0.030-inch 
to 18 inches outside diameter and 60 inches length 
can be produced. Labor and tool costs are moderate. 

Throwing: A cut blank of plastic material is 
placed on a revolving plaster disk or table and while 
turning is shaped by hand roughly with the aid of 
tools, Fig. 5. Hollow blanks with several bore sizes, 
tapered bores, solid pieces, and round hollow shapes 
with one closed end are thus produced. External 
contours and bores are finished ordinarily by turning 
prior to firing. 

Parts up to about 8 inches maximum diameter, 24 


finches maximum length or height and 14-inch mini- 


x 





Mum bore can be made by this method. Output is 
low, tools are inexpensive but labor cost is high. 
Jiggering: With this method, treated material is 
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placed in a revolving plaster-of-Paris mold and 
worked into the mold contours simultaneously by 
hand and by means of a profile tool, Fig. 6. These 
partly dried shapes are then trimmed and machined if 
necessary after further drying. Bowl-shape parts, 
cylindrical parts with tapered round bores at one or 
both ends, and bowl shapes with deep skirts can be 
produced. Sizes ordinarily practicable range up to 
22 inches diameter and 10 inches length. Production 
rate is only moderate, mold and tool expense is mod- 
erate, but labor cost is high. 

Pressing: In this method a plaster-of-Paris mold 
is also used, the material being roughly worked to 
the desired shape. The roughly shaped material, in 
the mold, is then placed in a suitable press and with 
an oily, hot, rotating tool or punch is compressed to 
desired shape, Fig. 7. On removal any finishing or 
machining operations necessary are performed. 

Parts similar to those possible with jiggering are 
produced but ribs and skirts cannot be as deep. Pro- 
duction rate is rapid and ordinarily quantities must 
be over 1000 pieces. Practicable sizes range up to 
about 14 inches diameter and 12% inches length or 
height. Tooling and setup costs are higher than with 
the foregoing methods but labor cost is moderate. 

Casting: A more recent development of the wet proc- 
ess, casting is probably the most versatile because 
of the variations in size and shape obtainable. Cast- 
ing is generally limited to production of parts not 
possible by other means—irregular shapes not hav- 
ing an axis of rotation, and large parts—although 
hollow products of revolution are easily made by 
this method, Fig. 8. 

Plaster-of-Paris molds are used, the porous mold 
absorbing the moisture from the mix or “slip” and 
creating a deposited shell of ceramic. Where inside 
dimensions are of no consequence, no core is used 
and the ceramic is merely allowed to deposit to the 
desired wall thickness before draining the mold. To 
hold specific internal dimensions and avoid boring, 
cores are employed to permit build-up of ceramic to 
the desired shape and wall thickness. 

Generally, parts up to 80 inches height and 36 
inches diameter are readily obtainable although sec- 
tions up to 45 inches diameter have been produced. 
As a rule, weight is limited to about 1400 pounds, 
maximum. Labor cost is high, a large number of 
molds is required, and production rate is slow. 

Vacuum Extrusion and Pressing: To obtain closer 


Fig. 4—Extruded hollow blanks and outline showing de- 
sign machined before firing 
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Turned before firing 
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Table 1—Properties of Some Ceramics* 














Water Spec. Density Standard Alternative Safe Hard- Tensile Comp. Flexural Properties 
Material Absorption Gr, (ib per Colors Colors Temp. ness Strength Strength Strength 
(9%) cu in.) (F) (Moh) (psi) (psi) (psi) 














Vitreous Ceramics 







Commercial 5 to 2 White Green, 2300 3000 to 30,000 to Good quality and most 
Porcelain§ Brown, 3500 40,000 nomical type of porcelain 
etc. use in most applications. 








Steatite 0 to .02 2.5 .090 White 206 Gray 1832 7.5 8500 75,000 18,000 High-strength insulators with} ” 

AlSiMag 35 impervious 207 Brown good electrical characteristics, ie 
made to close tolerances for} 
appliances, etc. 

Steatite 0 to .02 2.6 .094 White 1832 7.5 10,000 85,000 20,000 Lower dielectric losses 

AlSiMag 35. High-strength 

sulators made to accurate 

mensions for r-f circuits. 


Steatite 0 to .02 2.7 .098 White 1832 7.5 10,000 85,000 20,000 Excellent mechanical properties 
with lower electrical losses 






























































AlSiMag 196 impervious 


AlSiMag 228 impervious 
than AlSiMag 196. For use in| F 
high frequency equipment, 
Steatite .02 tol 2.6 -094 White 209 Gray 1832 7.5 8500 75,000 20,000 Mechanically strong with high 
A}SiMag 197 Vitrified 210 Brown electrical resistance at elevate) F 
to Tech. temperatures. For heater wire 
Vitreous supports in appliances. 
Forsterite 0 to .02 2.8 .101 Buff 1832 1.5 10,000 85,000 20,000 For service where very low F, 
AlSiMag 243 impervious loss insulators are required. 


For ceramic to metal seals. 
Close tolerances by grinding | F; 
Titanium 0 to .02 4.0 144 Tan 1832 8 7500 80,000 20,000 Ceramic for polished thre] wy 
guides. AlSiMag 193 is the 
same mechanically but madq Fj 
conductor to dissipate static. 


Zircon 0 to .02 3.7 .134 White 2012 8 12,000 90,000 22,000 Vitrified ceramic with excel 
lent electrical properties, high 


Dioxide impervious 
AlSiMag 192 














AlSiMag 475 impervious 
strength and good resistancg 
to thermal shock. di 
Alumina 0 to .02 3.5 .125 Blue 2552 9 100,000 45,000 Fine texture, extremely hari Ww 
AlSiMag 491t impervious resistant to abrasion, chipping 
and corrosion. Best adapted tq ev 
small machined or pressed parts} M 
Alumina 0 to .02 3.4 .122 Gray 2462 9 100,000 45,000 High-strength alumina cerami 
AlSiMag 513t impervious for somewhat larger size at 
ticles than possible in 49) m 
by machining or pressing. or 
Lavas a afin Hs ania, ple oe to 
Aluminum 2to3 2.3 .085 Pink 2012 6 2500 20,000 9000 Good electrical and heat m 1( 
Silicate Technically sistance, excellent for clos Pr 
Grade A Lava Vitreous tolerances. Available in large | 
sizes than other lavas. Int 
Magnesium 2to3 2.8 -102 Tan White 2282 6 25,000 9000 Excellent electrical properties} Wi 
Silicate Technically made to close tolerances. Fo sq 
Lava 1136 Vitreous insulating spacers in small siz l 
vacuum tubes. a 
Refractories , war. + aa i aaa a 
Cordierite ° 2.1 .076 ° ° 2282 7 3500 40,000 8000 Low coefficient of expansion, of 
AlSiMag 202 high resistance to heat shock 


For heating elements, thermo 
couple insulators, burner tip} $10 


Zirconium 6 to 10 3.8 .136 Orange 2912 30,000 10,000 Fine grain, high mechanical die 
strength refractory for simplt 





Oxide Semi- 
AlSiMag 550t vitreous extruded shapes. Has excellen} pal 
resistance to heat shock. for 
Zircon 8 to 14 2.9 -105 White 2462 16,000 13,000 Very fine grain refractory ces 
AlSiMag 504 Highly good resistance to heat box 
Porous Suitable for firing plates 
supports, brazing jigs, ete. slo 
Alumina 12 to 18 2.4 .087 White 2552 11,000 10,000 Easily degassed refractory Fig 
AlSiMag 393 Highly good electrical resistance Y 4 
Porous high temperature. Porous bod! ti 4 
principally used for vacuull , ti 
tube insulators. itec 
Magnesium 14 to 18 2.0 .072 Light Brown 2372 6 2500 25,000 8000 Refractory which is machitf 2 t, 
Silicate Highly able in the fired state. Sold 4 14 
AlSiMag 222t Porous rods, tubes, plates and blocky ° 
For models or repair parts. | Inc} 
Zirconium 12 to 16 2.9 .106 Orange 2912 11,000 4000 Refractory body excellent 1 E 
Oxide Highly heat shock. Made only } stri 
AlSiMag 508t Porous plates, rods and simple shay 





by pressing or casting. 
— 


















t Courtesy American Lava Corp. § Courtesy Star Porcelain Co. t Economic limitations on sizes and shapes. 
* Furnished in various densities: 202, porous, 10 to 15% (tan), 178, porous, 10 to 15% (white), 547, semi-vitreous, 2 to 7% (brown) 
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Fig. 5—Left, above—A typical hand thrown and turned 
mechanical procelain part 


Fig. 6—Left, center—A porcelain fitting which is jiggered 
in a plaster mold and trimmed or turned 


Fig. 7—Right, center—A typical porcelain part hot pressed 
with a rotating tool in a plaster mold 


Fig. 8—Extreme right, above—Special shape cast partly 
with a core and partly without a core where it is impractical 


Fig. 9—Right—Complicated part pressed in evacuated dies. 
Charge is weighed to insure accuracy 


dimensional control and impervious structure, ceramic 
with reduced water content is processed specially by 
evacuation of the mix before forming in steel dies. 
Machining is ordinarily not needed. 

Best suited for simple shapes and pieces, this 
method is economical where large quantities are the 
order—say 5000 pieces or more. Extrusion is limited 
to outside diameters up to 1.625 inches, lengths to 
10 inches and inside diameters up to 0.140-inch. 
Pressing, Fig. 9, is limited to a maximum height of 7 
inches, maximum length of 12 inches, maximum 
width of 10 inches, and projected areas up to 120 
square inches. Tool and setup costs are high and 
labor cost is moderate. 


Dry Process: Differing from the plastic process 
of forming in that only a semimoist granular powder 
is used, the dry process is subject to much less dimen- 
sional variation in manufacture. Pressing in metal 
dies is the only method of forming used. Typical 
parts possible are: Flat or ribbed plates of any 
form or curvature with or without holes, slots, re- 
cesses, and barriers; U and other shapes; intricate 
box shapes with ribbed partitions and side holes or 
slots. Machining or other finishing is seldom required, 
Fig. 10. 

An economical method for producing large quan- 
tities at moderate cost, dry pressing is generally lim- 
ited to relatively small parts in the neighborhood of 
2 to 4 inches. Maximum length or width possible is 
14 inches, height is generally limited to about 7 
inches and projected area to 196 square inches. 

High-clay ceramics generally result in a porous 
structure with this method but the low and clay-free 
types can be produced with excellent results. The 
close dimensional control possible makes the process 
advantageous with the latter groups. Dry pressing is 
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Fig. 10—Above — Por- 
celain electrical part 
designed for dry 
pressing in metal dies 


Fig. 11—Right—View 
of part machined in- 
side and out after ex- 
trusion. Chart indi- 
cates desirable pro- 
portion of inside to 
outside diameters for 
extrusion. Holes as 
small as 0.010-inch 
and outside diameters 
of 0.030-inch have 
been produced 
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(a) 
Fig. 12—Above—Sharp edges on pressed 
parts (a) are less desirable than bevel edges 
(b) owing to better appearance and less 
fin trouble after firing 






































Fig. 13—Below—Dry pressed part showing 
improved design with strengthening rib 
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Fig. 14—Left—Metal die 
setup for pressing parts, 
Outer walls and core. 
piece should have no 

draft as shown 


Fig. 15—Below — Deep 
groove in part (a) re. 
sults in warpage. Shal. 
low groove design (b) 
is better but a recessed 
design (c) is most de 

sirable alternate 
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well adapted to high production, and automatic 
presses may be used. 

DESIGN CONSIDERATIONS: Structurally, the prob- 
lem of designing with ceramics resolves itself into one 
of design to compensate for or avoid involving the 
undesirable lack of ductility and low tensile strength. 
The best design procedure is to take all possible ad- 
vantage of the high compressive strength of these 
materials and avoid as much as possible all loading 
under tension. Pronounced weakness at notches 
makes it imperative to avoid sharp change in section 
thickness or direction. 

Wall Thickness: Where hollow extrusions are de- 
signed the wall thickness may range from 10 to 20 
per cent of the outside diameter, but should be held 
to 134 inches, maximum, if possible. Rectangular or 
square shapes require liberal internal fillets of at least 
1%-inch radius. The cross section of such parts should 
be held as uniform as possible to aid drying. Thus, 
concentric external radii should be used to match the 
internal fillets, and wall thickness should be held to 


11%, inches or less. 
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Where heavy walls are necessary for external ma- 
chining on hollow extruded sections, wall thickness 
should: be minimized to avoid high losses due to dif- 
ferential in shrinkage of finished items, Fig. 11. Sec- 
tions in any case should be kept as uniform as pos- 
sible without abrupt variations. As a general rule, 
sections for wet pressing, should not exceed 1 inch. 

Fillets and Radii: Along with uniform section 
thickness, generous fillets should be employed to re- 
duce stresses and aid the flow of material in form- 
ing. Fillets at bosses, shoulders, webs, ribs, de- 
pressions, or counterbores should depend upon the 
height of these features. For those features formed 
by the mold or die, the minimum radius should be 
equal to the depth or height of the adjoining feature 
for dimensions of 14-inch or less. With sizes from 
Y,-inch to 2 inches, the minimum radius should be 
14-inch and for those over 2 inches the radius should 
be at least one-eighth the depth or height. For parts 
to be machined, smaller fillet radii are practicable. 
On dimensions up to 3/32-inch the radius can be 
equal to the height or depth, from 3/32 to %-inch 
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Fig. 16—Above—Holes should be elon- 

gated purposely to overcome the effect 

of firing shrinkage. One hole elongated 
requires twice the amount for two 
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Desirable: firing surface 


Fig. 17 — Extreme left — Extended- 
pitch threads (a) are preferable. 
Full length (b) is more economical 
than (c) or (d) 


Fig. 18—Left—Where ground sur- 

faces are required for fit to metal 

parts, reduced boss area is pre- 
ferred design 





Fig. 19—Above—Centrifugal pump 
impeller being finish ground to 
close machine tolerances 
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values the minimum radius should be 3/32-inch, and 
for deeper or higher features it should again equal 
at least one-eighth the dimension. 

Corners or edges should be rounded off to improve 
appearance and obviate chipping. Minimum radius 
practicable is 1/16-inch and larger values are prefer- 
able. Beveled or chamfered edges are generally de- 
sirable on dry pressed parts. A standard chamfer is 
generally accepted at 1/32-inch by 45 degrees. The 
bevel not only reduces die wear but simplifies fin re- 
moval after firing, Fig. 12. 

Ribs: Protruding ribs or fins should be spaced 
apart at least as much as they are wide or deep. A 
full radius on the top of ribs is advantageous. Where 
walls are relatively light, ribs should be employed 
for strengthening and to prevent distortion, Fig. 13. 

Draft: Some draft is required on parts for most 
processes used. In forming, both molds and cores 
must be withdrawn and at least 1/64-inch per inch 
should be provided although 1/32-inch per inch per 
side is more desirable. Large cores should have not 
less than 2 degrees per side. For dry pressing, plain 
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outside surfaces and through holes should be made 
without draft, Fig. 14. 

Grooves: Deep grooves which run over the length 
of a part tend to cause warping. To avoid this con- 
dition grooves should be kept shallow and not over 
one-half the piece thickness if possible. A recess is 
preferable wherever practicable in lieu of a channel 
shape, Fig. 15. 

Holes: In general, holes should be 1/16-inch di- 
ameter or over for economy, although holes as small 
as 0.010-inch are produced in some parts. Wall thick- 
ness between holes should be as substantial as pos- 
sible. The same is true of walls between holes and 
edges. Thin walls in dies are fragile and may be 
expensive. Wherever practicable, walls between holes 
should equal at least one-half the hole diameter and 
should never be less than 1/32-inch in any case. 
Thinner walls are sometimes possible but it is inad- 
visable to have walls under one-third the hole diam- 
eter. Walls between holes and edges should never 
be less than 14-inch. 

The firing shrinkage along the axis of extrusion or 
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in the direction of pressing is different from that per- 
pendicular to the axis or direction of pressing. Holes, 
therefore, tend to become somewhat elliptical, as 
much as 2 to 3 per cent being common. The minimum 
diameter of clearance hole to permit assembly of 
bolts, pins, studs, etc., can be determined from: 
Diam. of Fastener (in., max.) Clearance (in., min.) 

1/16 to 5/32 0.006 

3/16 to 3/8 0.008 

13/32 to 5/8 0.010 


21/32 to 1 0.012 
over 1 0.016 


Maximum diameter of hole can then be found by ap- 
plying the expected total tolerance variation, plus. 

Shrinkage also affects hole spacings, and generally 
it is undesirable to attempt to have round holes 
match the hole spacings in a metal attachment. One 
or all of the holes in the ceramic part should be 
elongated to provide ready assembly. Two holes 
should be elongated in the direction of maximum 
shrink by an amount equal to the total tolerance 
on the distance between hole centers, Fig. 16. If only 
one of two holes is to be elongated, the amount of 
elongation should be equal to twice the tolerance on 
the distance between hole centers. 

Threads: It is impractical to mold threaded holes 
in ceramics. Coarse tapped threads are preferable 
and resist crumbling found with fine pitches. Small- 
est tapped hole which can be made satisfactorily is a 
number 3-48. Smailer sizes are not recommended. The 
number of threads in contact should be kept at the 
minimum owing to shrinkage. It is seldom neces- 


sary to use over 12 threads engagement and the ideal 
fit is obtained with about eight threads engagement 
in a 12-thread hole. For shallow holes, a screw two- 
thirds to three-quarters of the tapped depth is ade- 
quate. Where screws must pass through a part, the 
thickness and pitch should be selected so that six or 
seven threads are used, the minimum being four and 
the maximum, eight. Holes should be counterbored 
before tapping to reduce losses from cracking. 

External threads may be cut sharp but are more 
durable if an extended pitch can be used, Fig. 17a. 
Fillets and radii for threads, as with grooves and 
slots, are recommended to add to the strength and to 
resist corner breakage. Threading is most economical 
if full length, Fig. 17b. A portion is more expensive, 
Fig. 17c and to a shoulder or undercut most expensive, 
Fig. 17d. Contact on external threads should be from 
six to twelve threads. Metal parts should be pro- 
portioned to keep contact under twelve. 

Machining: Parts which must be otherwise ma- 
chined before firing require some consideration. Ex- 
ternal fillets should have at least ‘%-inch radii if 
possible. Deep undercuts should be avoided. Since 
internal machining is extremely expensive it should 
be avoided. In turning external shapes the final piece 
must be capable of resisting the loads without break- 
ing. With solid bodies, the ratio between the length 
and root or minimum turned diameter should not be 
greater than 6 or 7 to 1. 

Where parts must fit flat surfaces after firing, 
grinding is necessary. Maximum economy is pos- 
sible by employing a group of bosses to reduce the 


Fig. 20—Group of mechanical parts including special textile machine thread guides and other wear-resistant inserts 
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area to be finished. Bosses around holes should be 
about 44-inch greater in diameter than the hole. 
Boss height may be about 0.020-inch but 1/32-inch 
is preferable, Fig. 18. 

Almost any required accuracy can be had by grind- 
ing but stock removal is expensive. However, numer- 
ous grinding operations are regularly employed in 
mechanical ceramic and stoneware parts where corro- 
sion resistance, hardness, etc., are imperative, Fig. 10. 

Firing Surface: To permit solid resting of parts 
during firing in the kiln, a firing surface should be 
left unglazed, Fig. 18. Long flat pieces should be 
fired on one long side to reduce warping. 

Ordinarily tubular and bushing parts with a height 
not exceeding six times the diameter of the base arg 
sufficiently steady for foot firing but longer parts 
must be hung. Hanging is expensive and generally 
pieces with up to 160 cubic inches of volume per 
square inch of supporting area can be fired in this 
manner. Designs longer than fifty or sixty inches 
should be avoided. 

Lettering: Block lettering with raised characters 
on a depressed surface is preferred for dry pressed 
parts. All others are generally marked with ceramic 
ink on unglazed portions. 


MATERIALS: Ceramic materials are generally chosen 
for mechanical or industrial equipment because of 
corrosion, heat or wear resistance, Fig. 20, or for 
electrical properties. Design to obtain the advan- 





PRODUCTION PROCESSES IN BOOK FORM 


Design of parts for economical manufacture is cov- 
ered in the form of practical and down-to-earth data 
on some 36 separate processes in the new book, 
Production Processes—Their Influence on Design, 
based on this series of the same name. Contain- 
ing 568 pages and 652 illustrations, the 6% by 10-inch 


volume, clothbound, is available from MACHINE 
DESIGN at $10.00 postpaid. 





tage of these properties must take into consideration 
the relatively low strength and brittle character of 
these materials. In TaBLE I the general physical 
properties of some ceramics are listed. 


TOLERANCES: With porcelain parts the combined 
drying and firing shrinkage runs from one-seventh to 
one-eighth, kiln shrinkage alone being one-tenth to 
one-twelfth. With such conditions the problem of 
tolerances is critical, especially since shrinkage is not 
always uniform. It has been established that a stand- 
ard tolerance between glazed and unglazed surfaces 
of plus or minus 3 per cent or 0.03-inch per inch or 
fraction thereof will permit practical commercial 
manufacture with reasonable cost for wet process 
porcelain. With dry process porcelains, the practic- 
able limits are somewhat less than those for the wet 
process—about 2 per cent, or plus or minus 0.02- 
inch per inch. Minimum single tolerance on dimen- 
Sions less than 1 inch with the former is 0.03-inch, 
plus or minus, and with the latter is 0.02-inch. 

Where close or so-called critical tolerances must be 
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Fig. 21—Group of electronic coil forms showing numerous 
plain and tapped holes 


specified, cost is increased but generally a tolerance 
of 2 per cent plus or minus with a minimum of 
0.020-inch in the case of wet process parts and 1% per 
cent, plus or minus, with a minimum of 0.015-inch for 
dry process parts can be obtained. Dimensions be- 
tween unglazed surfaces of parts can generally be held 
to about one-half these figures if necessary. 

For dry process pressed parts, dimensions deter- 
mined primarily by the upper and lower die posi- 
tions or those affected by side wear are subject to the 
pressures used and variations in amount of fill. Such 
dimensions should have tolerances increased by 50 
to 100 per cent, if possible. 

Standard practice with dry process low-clay tech- 
nical ceramics such as steatite is to hold plus or 
minus 1 per cent on critical dimensions over unglazed 
surfaces with a minimum of plus or minus 0.005-inch 
on general dimensions and plus or minus 0.010-inch 
on thickness dimensions. Over glazed surfaces the 
limits are plus or minus one per cent plus 0.010-inch, 
with a minimum of plus or minus 0.015-inch. Where 
thickness is in excess of one inch, the recommended 
tolerance is plus or minus 3 per cent. All noncrit- 
ical dimensions should carry the standard critical 
plus 0.015-inch. 

On hole spacings, a tolerance of plus or minus 
0.005-inch between centers measuring under 14-inch 
and plus or minus one per cent on larger dimensions 
can be held. On unglazed holes standard tolerances 
are plus or minus 0.005-inch for holes up to 44-inch 
and plus or minus one per cent for 14-inch and larger 
holes. For glazed holes these tolerances are increased 
to plus or minus 0.012-inch for diameters up to 0.600- 
inch and plus or minus 2 per cent on holes 0.600- 
inch and greater. Screw threads, Fig. 21, conform 
generally to American Standard Class 1 fits. 


Collaboration of the following organizations in the 
preparation of this article is acknowledged with much 
appreciation: 

American Lava Corp. (Figs. 1, 12, 14, 

15, 16, 17 and 20) ................Chattanooga, Tenn. 
Henry L. Crowley & Co. (Fig. 21) ....West Orange, N. J. 
Locke, Inc. (Figs. 2 and 3) ........ .... Baltimore, Md. 
Star Porcelain. Co. .......:..... Trenton, N. J. 
U. S. Stoneware Co. (Fig. 19) ' Akron, Ohio 
Westinghouse Electric Corp. (Figs. 4, 


5, 6, 7, 8, 9, 10, 11, 13, and 18) Pittsburgh, Pa. 
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Modern Practices in Manufacture 


Designing Low-Cost Forgings 


By J. J. Sloan and K. R. Denny 


Production Design Engineers 
North American Aviation Inc. 
Los Angeles, Calif. 


IVEN equal costs, die forgings are generally 

preferred to castings or extrusions because of 

their high strength-to-weight ratio. The na- 
ture of the forging process is such that it shapes the 
grain of the metal into approximately the direction 
required by design, a feature which usually cannot 
be obtained by other methods unless it so happens 
that the loads are parallel to the grain in a bar or 
extrusion. Good design of a forging is essential and 
through good design, forgings can be made compara- 
tively cheaply with excellent functional properties. 
The total cost of a forging must include its prorated 
tool cost, price per piece as supplied by the forging 
vendor, and the labor and machine time expended on 
completing the piece. 

In selecting the material for die forging the ac- 
companying table of strength-to-weight ratios is use- 
ful, based on the tensile yield strength of 14S-T alu- 
minum alloy as 100 per cent. In the operation of 
closed dies the parting line shown by the drawing is 
of great importance since excess metal makes its exit 
at the parting line. Fig. 1 shows the effect on grain 


Fig. 1—Effect of parting line on grain direction 
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direction, and consequently strength, of placing the 
parting line at various positions on a channel section. 
By placing the parting line as at a, a cheaper die can 
be made; machining of the impression is necessary in 
only one die block. When placed as at f, the parting 
line is least desirable because of grain direction. 

Steel forgings are best designed with impressions 
in both die halves but with most of the projection 
into the upper half. Scale will drop out of the upper 
impression and may be blown away from the work and 
even a slight impression in the lower half will ma- 
terially assist in locating the metal for forging. 

Die costs are in accordance with the size of the die 
and the amount of machining necessary to sink. In 
buying forgings by the piece, the original die cost is 
submitted as tool cost and must be prorated over the 
number of pieces purchased. Maintenance of the die 
is figured into the “per piece” price, since dies some- 
times require replacement over long runs. The effect 
of parting line on die cost is exemplified in Fig. 2. 

Where left and right-hand parts are similar, con- 
sideration should be given to making each part from 


Fig. 2—Methods of placing parting line to re- 
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Fig. 3—Above—Neutral forging from which left and right- 
hand parts can be machined 


Fig. 4—Right—Left and right-hand parts made by cutting 
off projections 


a neutral forging. This can be done by leaving extra 
material for face cuts at different angles as in Fig. 3 
or by forging a profile such that each left or right 
can be made by lopping off opposite arms, Fig. 4. 
In some cases the number of pieces of each hand is 
limited but a great many are required altogether. 

Forgings are sometimes: made with both right and 
left-hand parts in the same die in order to balance the 
die, or to obtain better material flow in thin flanges 
of separate parts, Fig. 5. The saw cut and machin- 
ing which follow later reduce the web thicknesses to 
required dimensions with better grain direction. 

In Fig. 6 is shown a forging which includes left and 
right-hand parts. Either part could be forged with 
the line bisecting the angle between the flanges paral- 


Comparison of Strength-to-Weight Ratios 








Approx. 

Material Ratio (%) Application 

148S-T Al. Alloy 100 Standard high-strength forge- 

Spec. QQ-A-367 Class 5 able alloy. Not welded. 

75S-T Al. Alloy* 128 Not as easily forged as 148S-T. 

Spec. AMS4139 Highest strength. Not welded. 

0-1 Aged Magnesium 64 Where rigidity by mass is re- 

Alloy Spec. AN-M-21 quired. Because of susceptibil- 
ity to corrosion requires careful 
consideration. Not welded. 

Hardened & Tempered 60 Used where temperatures are 

4130, 4140 and 4340 to greater than allowable for alu- 

Alloy Steel 125 minum alloy or where space is 
limited or bearing loads require 
high strength. Weldable. 

1020 Carbon Steel 26 Used where case hardening is 

Normalized necessary for wear and for small 
lightly stressed parts. Strength/ 
weight ratio based on normal- 
ized forgings. Weldable. 

Corr. Res, Steels 21 Used for corrosion resistance 

Types 321 & 347 & and strength at elevated tem- 

Super Alloy Steels peratures, Weldable. 

Annealed 

396 & 195 Aluminum 42 Used for intricate fittings where 


Casting Alloys forging strength is not required. 


195 alloy is weldable. 





* The use of 75S alloy is limited to designs approved by the chief 
Project engineer. Factors present in the forging of any aluminum al- 
loy are more critical with 75S and require closer control. 
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lel to the press ram travel. Because of this acute 
angle and its affect on the life of the die it is better 
to forge left and right together with only 14 degrees 
between two corresponding flanges, thereby increas- 
ing the usage of the die. 

Draft angle is equal in importance to the parting 
line since it affects die shape and costs. About 5 to 
7 degrees of draft are usually required on all forg- 
ings and this plus large fillet radii add weight to the 
part. If all draft and large fillets must later be en- 
tirely removed by machining it may not be economical 
to die forge. Also, the draft usually occasions spot- 
facing for bolts or other fasteners. 

A few simple sections can be forged with 7 degrees 
draft and ironed into shape with no draft. Other 
parts can be adapted so that no draft is necessary 
by properly placing the parting line. Fig. 7 shows. 
various parts positioned in their dies, a, b, c and d 
having the required 7-degree draft. Fig. Te is a part 
with backdraft. Actually the 14-degree draft shown 
permits ejection of the part from the die and may be 
removed by machining. Dies of this nature are sub- 
ject to approval by the vendor. In Fig. 7f is shown 
a locked die, so-called because upper and lower die 
halves are mated together in vertical alignment by 
their tongue and groove shape. This is a more ex- 
pensive type of die but must be balanced against 
the machining factors of the part and in some cases: 
proves least expensive. The increase in cost for dies 
which forge without dr2ft, or with back-draft, may 
be from 20 to 50 per cent. Construction of locked 
dies may increase the cost 100 per cent over other 
types. Piercing of hol2s under 2 inches diameter in 
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Fig. 5—Above—Siamese forging to obtain better material 
flow in thin flanges 






























Fig. 6—Right—Left and right-hand parts forged together 
to eliminate backdraft 





forged aluminum alloys is not economical and such 
holes should be drilled. 

Some parts are adaptable as extrusions rather than ace ee py - ~~ - or 
forgings. The important point is die cost, since ex- ‘ , 
trusion dies are much cheaper than forging dies. Here 
again, machining cost on the part must be weighed 
but extrusions are generally much cheaper than forg- i.) Las oa 
ings in small quantities. Fig. 8 indicates various 


shapes which may be better cut from extrusions. \ 7 \ ] \ 7 


























Fig. 8a had much less finish machining cost since the ae 
part was extruded without the draft on top and bot- \ “at 
; as 
tom sides of the flanges. = Boe ie ,  MORAIRS  satile, i” 
. . . . . . 4 V1 poet 
Some design considerations for die forgings are: Y..4 ‘ S/S 
1. Where grain direction is critical it must be speci- 























fied on the drawing / \ l \ aire. 


2. Place the parting line with regard to strength and r Ze) 7f) 
to minimize machine time both on die and part (d) 
3. Draft of 7 degrees is required, 5 degrees and 





backdrafts are subject to vendor approval Fig. 7—Above—The effect of draft angle on 
4. Minimum web thicknesses for 14S alloy in general die design 
design is: 
Area (sq in.)* Minimum Web (in.) 
. 2 Miidehbbblenpeepteecanemees Fig. 8—Below—Forged shapes which should be 
SENUD sevcpideedebisediencen ae less expensive as extrusions 
i wshdvcn cdeeieseanes ie! 
GONG, cétdteridnckadacadcssae Se 
DED dA iccnenne' oheawashaeene ae 
NIE .<.ecubanatecetusiercee Se 
TD \dulskacawennenlencaen eek ae 
* Area in view perpendicular to forging direction. 
For 75S alloy use next greater corresponding thickness. 
5. For corner radii, fillet radii and tolerances on die 
forgings see Drop Forging Association Standards. Forging Extrusion 


Parting 
Although most aircraft forgings are produced on line 
presses of 1500 tons or less, or on hammers of 2000 
to 12,000 pounds capacity, it should be noted that = 


larger equipment is available and being designed. 

The largest to date in the United States is the 18,000- C= 

ton forging press at Grafton, Mass., housed by Wy- Section a a 
man-Gordon Products. Designed for light alloys, Forging /c) 
magnesium and aluminum, this press, with a platen 

7 by 12 feet, is capable of making very large forg- 

ings providing the opportunity to simplify and im- ) | 
prove structures to an extent heretofore impractical. 

It should be noted that dies are very expensive in Forging (d) Extrusion 


such large sizes and subsequent engineering changes 
may be extremely costly to carry out. 
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Why Machine Parts Fail 




























Part 4—Fatigue Fractures 


By Charles Lipson 
Consultant 
Detroit, Mich. 


OST failures in machine parts are due to 
fatigue. The term fatigue failure is normally 
applied to those fractures that are caused by 

repeated load applications at a calculated stress con- 
siderably lower than would be required to cause fail- 
ure in a single load application. 

Fatigue failures result from quite specific causes. 
The complete story, with all reasons for failure, is set 
forth in detail on the face of a fracture. However, 
interpretation of fractures may not always be simple 
or easy, because each case may be influenced by many 
variables such as: 


1. Adverse form of part, such as keyways or other 
severe contour changes. | @ 

2. Lack of uniformity of material such as decarburi- 
zation of surface. 

3. Residual stresses. 

4. Surface conditions. 

5. Resonant vibrations. 


BASIC PATTERNS: There are, however, several basic 
fracture patterns which often can be recognized. 
From them the loads responsible for failure generally 


Fig. 36—Failure of this hone driver occurred as a simple 
fatigue fracture. Point of origin of the fracture and its 
direction of propagation are quite evident from the pat- 

tern of stop marks, lines marking fracture advance 


Photo, courtesy Micromatic Hone Corp. { 
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Fig. 37—Originating at three separate points marked 
by arrows, failure of this locomotive main driving axle 


occurred as a compound fatigue fracture. The cracks 


spread until joined in final rupture 


can be determined. Where complex loading may have 
existed prior to failure, a peculiarly shaped fracture 
possessing characteristics of more than one basic pat- 
tern can be expected. Fundamentally, however, the 
origin of failure can be found by locating the center 
of radiation of the fatigue waves. One must look 
not only to the origin of failure but must complete 
the picture by determining both the type of load 
which has been acting and the existence of any pos- 
sible additive factor, either initially present or de- 
veloped after the first formation of a fatigue crack. 
An example of a developed additive factor is resonant 
vibration which may be set up in a member sub- 
jected to torsion as the result of change in charac- 
teristics after a crack has started. 

The point of origin of a failure can be traced to any 
of a number of causes: surface imperfections, grind- 
ing marks, forging marks, and stress raisers such as 
keyways and fillets. It is often observed that there 
are several points of origin. In such a case the re- 
sultant fracture pattern is affected by the influence 
of each initial crack whose consequent wave form 
will act jointly with the wave forms of the other 
initial cracks. 


Two KINDS OF FRACTURE: Fractures in general 
can be described as simple and compound. A simple 
fracture results from a single crack that spreads 
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Photo, courtesy Briggs Manufacturing Co. 


Fig. 38—This compound fatigue fracture of a hydraulic 
cylinder resulted from nonuniform stiffness in the mounts 
and lack of fillets. Two cracks originated at the points 

marked by arrows 


across the cross section and causes ultimate failure. 
A compound fracture results from two or more cracks 
that spread from different points on the periphery of 
the section and cause a joint effect on the fracture 
appearance. This effect is apt to be particularly no- 
ticeable in fractures of highly overstressed splined 
shafts. 

The simple fracture shown in Fig. 36 implies the 
initial existence of a point on or near the surface 
that was weaker than any other on the periphery of 
that particular transverse plane. This point, there- 
fore, became the sole origin of the crack. It may be 
thought that the weakening effect of this first crack 
would cause cracks to start forming at other weak 
sections, but this “touching off” action is rarely 
shown in experiments. Each of the compound frac- 
tures shown in Figs. 37 and 38 seems to have been 
produced by two or more individual cracks originat- 
ing in different highly stressed points. 


Two DitsTiInctT ZONES: Fatigue fractures occur 
without perceptible ductility. The actual fracture 
face is composed of two distinct regions: one smooth 
and velvety—the fatigue zone, and the other coarse 
and crystalline—the instantaneous zone. The nucleus 
of a simple fracture will usually be evident at some 
point on the fracture face. From this origin, after 
many cycles of stress, the crack propagates itself 
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Fig. 39—Stop marks on this fatigue fracture of a locomo- 
tive driving axle show where each overload occurred and 
the course taken by the fracture 


until so much of the total cross section has been 
cracked through that the remaining solid metal can 
no longer sustain even a single load application, and 
so ruptures suddenly. 

The part illustrated in Fig. 36 failed in fatigue 
after approximately one year of service. As the pho- 
tograph indicates, the fatigue crack originated at one 
corner of the tang and spread in a generally periph- 
eral direction until the area of the remaining sound 
metal in the opposite corner was so small that the 
tang broke off completely at the final load applica- 
tion. This condition could be alleviated by a more 
generous fillet at the base of the tang. 

First phase of this fatigue mechanism takes many 
cycles and often a long period of time. As a result, 
the progressive portion of the fatigue fracture is 
smoothed by the continual rubbing that takes place 
between the two faces of the crack. That portion of 
the metal which failed instantaneously, however, has 
a rough, grainy surface. 


Stop MARKS: The smooth area of the fractured 
surface is further identified in practically all service 
failures by what are known as fatigue stop marks. 
Unless the stop marks have been obliterated during 
the final phase of the fracture, they will make quite 
evident the rate of progress of the fatigue crack. 

Finding practically no indication of stop marks in 
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Photo, caurtesy Harry Ferguson Inc. 
Fig. 40--Above—Failure of this rear axle shaft occurred 
in a laboratory test after 1,439,000 cycles at a load 
four times normal. No stop marks appear on the sur- 
face of the fracture because of cyclically uniform loading 


Photo, courtesy Republic Steel Corp. 
Fig. 41—Fatigue failure of this crankshaft produced a frac- 
ture with beach marks, ihe radial lines at top of fracture. 


They mark the junction of separate cracks originating from 
different poiris on the periphery 
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fatigue fractures obtained in the laboratory, Bacon! 
attempted to synthesize them. He first tried sudden 
load reduction in the middle of the fatigue test but 
found no marks to indicate the interruption. Next 
he tried the same procedure but applied an increased 
load for a short duration in the middle of the test. 
By this latter means he was able to produce the 
marks synthetically. It would therefore appear that 
stop marks are caused by sudden increases in the ap- 
plied load. Fig. 39, a service fatigue failure of a lo-. 
comotive main axle, shows stop marks indicative of 
sudden overloads. 

In Fig. 40 is shown a laboratory fracture of a rear 
axle shaft subjected for 1,439,000 cycles to a load 
equivalent to four times normal. It is significant 
that this fracture indicates no stop marks; the cy- 
clical load application was uniform during the entire 
test. This appearance is typical of fractures obtained 
in laboratory fatigue tests. 


Speed of Crack Propagation 


Study of the shape of border lines between zones 
and of the location and size of the instantaneous 
crack allows conclusions to be drawn on the progress 
of failure. It appears to be true that the speed of 
crack penetration is proportional to the square of the 
depth of the crack. The absolute rate of advance, 
however, depends on the intensity of stress. 


CRACK ORIGIN: Since a fatigue failure is by defini- 
tion the result of the gradual progression of a crack, 
there arise the questions: Why and where does the 
crack originate? In general, most fatigue cracks 
start at or near an outside surface, inasmuch as 
stresses are apt to be greatest at the surface. This 
is particularly true for torsion and bending. The 
particular surface point at which the crack starts 
will depend upon the geometry of the machine mem- 
ber and the surface conditions. 

Any notch or other stress raiser is an excellent 
candidate for a fatigue crack nucleus. Countless ex- 
amples of notch-initiated fatigue failures can be 
shown to illustrate this statement. Fillets that are 
too small, threads, oil holes, keyways, and similar 
surface irregularities are all potential nuclei of 
fatigue failures. Typical examples of fatigue failures 
originating from such surface irregularities are 
shown in Figs. 36, 38 and 41. 

It should be noted that a machine member with no 


geometric irregularities can still be subject to fatigue 
failure. This circumstance can be explained by a re- 
view of the origin of fatigue cracks. Although a 
machine member may be free of geometric irregulari- 
ties on a gross scale—having no shoulders, threads or 
sudden changes in cross section—it may still con- 
tain a great number of stress raisers on a smaller 
scale. Such stress raisers are tool marks, scratches, 
identification stamp marks, or any of various in- 
herent discontinuities in the material itself, such as 
inclusions or quenching cracks. The smoother the 
surface and the more uniform the material, the great- 
er the fatigue strength because of fewer susceptible 
fatigue crack nuclei. Ground and polished pieces, for 
instance, demonstrate higher fatigue strength than 
rough turned pieces, which in turn are superior to 
as-forged pieces. 

BEACH MARKS: Magnification of stress in the re- 
gion of a stress raiser, such as a small fillet or a 
peripheral groove, causes the fracture to be initiated 
at several points almost simultaneously. As these 
individual cracks propagate, they join to form the 
final fracture. Shown in Fig. 41, the lines of junc- 
ture of these cracks are known as beach marks. 


Stress SHADOW: An interesting phenomenon in 
the study of fractures is illustrated in Fig. 42. The 
stress concentration resulting from the fillet is some- 
what mitigated by the keyway in the heavy section. 
The zone of reduced stress is known as a stress 
shadow. The fatigue crack will start at the side op- 
posite the shadow and progress toward it. Usually 
the shadow zone will be intersected by the plane of 
the final rupture. 

For further study, additional photographs of frac- 
tured parts and discussions of pertinent factors will 
be found in the sources listed in References 2 to 6. 

The next article of this series will show how to rec- 
ognize failures resulting from bending and axial 
loads. 
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Fig. 42—This diagram by Meyercordt il- 
lustrates the stress-shadow phenomenon. 
In the zone neor the keyway the stress 
concentration due to the fillet is relieved. 
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Reinout P. Kroon 


Reinout P. Kroon, engineering manager of the avia- 
tion gas turbine division, Westinghouse Electric Corp., 
Philadelphia, Pa., has been awarded the Spirit of St. 
Louis Medal of the ASME for leadership in the devel- 
opment of the first American design of a turbojet 
power plant for aviation service, making possible in- 
creased plane speeds, higher altitude limits and 
more efficient airplane design; and for his technical 
leadership in many fields which have contributed to 
the advance of American aviation. Mr. Kroon is a 
graduate of the Zurich Graduate Technische Hocho- 
chule in Switzerland. He joined the Westinghouse 
Corp. in 1931 and in 1945 was appointed to his present 
position, 


Square D Company announces the appointment of 
Emil P. Knapp as chief product engineer. Mr. Knapp 
has been with the Kollsman Instrument Division of 
the Square D Co. since 1934, first as project engineer 
and for the past five years as assistant chief engineer. 
He received his engineering training in Europe and 
has the degree of mechanical engineer from the State 
Engineering College at Esslingen, Germany. The 
functions of the Kollsman product engineering depart- 
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Emil P. Knapp 





John F. Miller 


ment have been expanded considerably due to the 
steadily increasing number of new product designs. 


¢ 


John F. Miller has been elected vice president of 
Illinois Tool Works, Chicago, Ill. Mr. Miller joined 
Illinois Tool Works last September as manager of the 
company’s tool division. In his new position, Mr. 
Miller will continue to manage the engineering of the 
standard and special metal cutting tools produced by 
Illinois Tool Works. He will also direct the develop- 
ment and marketing of the company’s new line of 
graphic inspection equipment. This equipment was 
designed to record precision inspection results in 
easily interpreted graph form. 


° 


Aluminum Co. of America announces the appoint- 
ment of Dr. Kent Van Horn as associate director of 
research. He will be transferred to the central head- 
quarters of Alcoa’s research organization at New 
Kensington, Pa. Dr. Van Horn is a graduate of Case 
Institute of Technology and one of the nation’s out- 
standing metallurgists. In 1944, he was elected pres- 
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ident of the ASM. Dr. Van Horn is also a member 
of the AIME and ASTE as well as the author of nu- 
merous technical articles and textbooks. 


S 


Dr. John Ray Dunning has been appointed dean of 
the School of Engineering at Columbia. Beginning in 
1932 he pioneered in some of the first neutron experi- 
ments conducted in the United States, and directed 
the building of the first Columbia University cyclo- 
tron in 1936. Dr. Dunning has contributed in impor- 
tant degree to other engineering developments in 
atomic work. 


¢ 


R. L. Peaslee has joined the Wall Colmonoy Corp., 
Detroit, as development engineer. Mr. Peaslee will 
be in charge of the development of Colmonoy brazing 
alloy as a stainless and alloy steel brazing material. 


a 


J. Edward C. Anderson has joined the Pesco Prod- 
ucts Division of Borg-Warner Corp., Bedford, Ohio as 
a project engineer. 


¢ 


H. H. Morgan, vice president of the Robert W. Hunt 
Co., has been awarded a certificate by the American 
Standards Association for his outstanding service in 
standardization. The award recognizes his service in 
policy-making in support of the standards movement 
as a means of advancing the national economy. 


SJ 


Hewitt A. Gehres, executive vice president and di- 
rector of engineering of the Cooper-Bessemer Corp., 
received the honorary degree of Doctor of Science 
from the Grove City College, Grove City, Pa. 


¢ 


C. E. Davies, secretary of the ASME, has received 
the honorary degree of Doctor of Engineering from 
the Drexel Institute of Technology. 


¢ 


Paul H. Davey Jr., has been elected vice president 
in charge of production of the Davey Compressor Co. 
A graduate of Yale College of Engineering, Mr. Davey 
has been production manager for the company for 
the past two years. 


° 


Professor Harry J. Loberg has been appointed di- 
rector of Sibley School of Mechanical Engineering at 
Cornell University. 


¢ 


Westinghouse Electric Corp. has awarded the com- 
pany’s highest honor—the Westinghouse Order of 
Merit to Dr. Arthur M. Wahl, engineer at the West- 
inghouse Research Laboratories, Pittsburgh, Pa. Dr. 
Wahl was honored for his exceptional skill in apply- 
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ing the principles and results of stress analysis to 
the design problems of the company and for his abil- 
ity in developing solutions to complex technical prob- 
lems. 


e 


C. S. Davis Jr., has been promoted to the presi- 
dency of the Borg-Warner’s Norge Heat Division in 
Detroit. Mr. Davis was formerly vice president and 
general manager of this division. 


° 


Allegheny Ludlum Steel Corp. announces the ap- 
pointment of George I. Bottcher as chief engineer. 
Mr. Bottcher joined the engineering department of 
Allegheny in 1941 and was appointed assistant chief 
engineer in 1947. J. F. Chapman and R. E. Smith 
were appointed as assistants to the chief engineer. 


* 


DeVilbiss Company of Toledo, Ohio announces the 
appointment of Norman F. Smith as plant superin- 
tendent. For the past three years, Mr. Smith has 
been chief process engineer with the Pyle National Co. 


+ 


Louis E. Theisen was appointed vice president in 
charge of engineering of the Metal Products Corp. 


* 


Midvale Co. announces the appointment of M. 
Worth Acker as chief engineer. Mr. Acker is now 
in charge of all engineering for the company. 


¢ 


Hyatt Bearings Division of General Motors Corp., 
announces the appointment of H. R. Gibbons as chief 
engineer in charge of product design, research, appli- 
cation and service engineering. Mr. Gibbons is a 
graduate of Stevens Institute of Technology. 


SJ 


Selden T. Williams, vice president of Scovill Manu- 
facturing Co. Inc., was elected president of A. Schrad- 
er’s Son Inc. 


¢ 


Harold W. Zipp has been appointed executive engi- 
neer, directing all engineering administration and staff 
activities for the Wichita Division, Boeing Airplane 
Co. 


¢ 


Bendix Aviation Corp., announces the appointment 
of Capt. Howard Thomas Orville as director of engi- 
neering for the Friez Instrument Division. Captain 
Orville is a pioneer in the development of equipment 
and instruments for obtaining upper-atmosphere data. 
He graduated from the U. S. Naval Academy and 
received his master of science degree from MIT. 
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AND MATERIALS 


For additional information on these new developments see Page 179 


Magnetic-Particle Clutch 


Linking action of 
dry magnetic mixture 
in magnetic field be- 
tween driving and 
driven parts trans- 
mits torque in Mag- 
neclutch controllable 
coupling. Magnetic 
mixture is composed 
of iron particles and 
flake graphite. Mag- 
netic field is estab- 
lished by current 
flowing through coil. By varying current, degree of 
clutching can be controlled. Design and operating 
features include extremely fast response, minimum 
wear on torque transmitting surfaces, torque at zero 
slip, large maximum to minimum torque ratio, small 
control power requirements and easy adaptation to 
remote control. Manufacturer: Vickers Inc., Vickers 


Electric Div., 1815 Locust St., St. Louis, Mo. 
For additional information circle MD 1 on Page 179 








Air-Operated Control Drive 


This completely 
enclosed air-oper- 
ated drive makes it 
possible to paralle! 
characteristics of a 
driven device with 
| those of other 
equipment to se- 
cure a unified sys- 
, tem. Drive consists 
_ of double-acting 
| air cylinder, posi- 
_ tioning relay and 
manual operating 
wheel or lever. Po- 
sitioning relay incorporates cam that determines ro- 
tation of control drive position to control loading 
pressure. Three cam shapes are included with each 
drive and can be used interchangeably to obtain posi- 
tions which are proportional to first power, square 
or square root of control loading pressure. Torque 
requirements of 280-400 ft-lb are accommodated by 
unit with 6-in. bore and 8-in. stroke, while size with 
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8-in. bore and 16-in. stroke is usable for torque up to 
1500 ft-lb. Manual operation is simplified by air-supply 
shut-off valve, bypass valve, hand lever or wheel and 
clamping device. Manufacturer: Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland 10, O. 


For additional information circle MD 2 on Page 179 





Variable-Speed Drive 





Available in 14, 
Vs, Yo and %4-hp 
sizes, type VA-GD 
variable-speed mo- 
tor unit combines 
Varidrive which 
permits instant 
change of speed 
in ratio of 1:10 and heavy duty Syncrogear for 
increasing torque. Speed ranges are from 10 to 10,000 
rpm. Frame of Varidrive is cast aluminum. Dial con- 
trol permits instant speed change by turning handle 
less than one revolution to obtain any speed change. 
Slippage is prevented by incorporation of Autotaut 
belt tensioner which automatically compensates for 
various loads. Gears of Syncrogear unit have hardness 
of 45—50 Rockwell C. Quick inspection of interior is 
afforded by cover plate. Manufacturer: U. S. Elec- 
trical Motors Inc., 200 E. Slauson Ave., Los Angeles 
54, Calif. 


For additional information circle MD 3 on Page 179 





Hermetically Sealed Relays 


Line of hermeti- 
cally sealed relays 


has _ application 
where humidity or 
dust conditions 


present hazard to 
continuous opera- 
tion. Wide variety 
of contact combi- 
nations and alter- 
nating and direct- 
current operating 
voltage ranges are 
available. Supplied 
in four standard mounting arrangements: lug header 
type, Army-Navy connector type, octal-plug type and 
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screw terminal type. Illustration shows series 335 
direct-current hermetically sealed model. Manufac- 
turer: Guardian Electric Mfg. Co., 1621 W. Walnut 
St., Chicago 12, Ill. 


For additional information circle MD 4 on Page 179 


Flexible Coupling 


Resilient synthetic 
rubber insert or spider 
of this flexible coupling 
is held in position by 
concave jaw _ surface. 
Tendency of rubber to 
extrude or break is elim- 
inated. Coupling is vib- 
ration free in operation 
and self-adjusting for 
misalignment. It is avail- 
able in sizes for shafts 
from 44 to 15% in. and in 
ratings from fractional 
to 25 hp. Standard key- 
ways are provided. Manufacturer: Gerbing Mfg. Co., 
Roto Cone Variable Speed Pulley Div., Northbrook, 
Ill. 








For additional information circle MD 5 on Page 179 


Heavy-Wall Plastic Pipe 


Flexibility, light 
weight and resistance 
to rust and electroly- 
tic corrosion are fea- 
tures of Carlon EX 
heav y-wall plastic 
pipe. Usable at tem- 
peratures from —70 
to 140 F, pipe has 
high impact strength, 
burst pressures up to 
260 psi and resistance 
to suction collapse. Dielectric strength is 500 v per 
mil. Furnished in 2, 244, 3, 4 and 6-in. standard diam- 
eters, the pipe can be coupled quickly and easily by 
means of molded plastic fittings which permit plas- 
tic-to-plastic or plastic-to-metal connection. Internal 
and external sleeve-type fittings can be utilized in 
many installations. Red stripe insures positive identi- 
fication. Manufacturer: Carter Products Corp., 10303 
Meech Ave., Cleveland 5, O. 


For additional information circle MD 6 on Page 179 








Vinyl Insulating Compound 


Underwriters’ Laboratories approved for use as 
electrical tubing at 105 C and for use as appliance 
wiring insulation at 90 and 105 C, Geon plastic 8630 
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can be supplied in colors for easy circuit identification. 
Features include resistance to high temperature aging, 
good abrasion and deformation resistance, flexibility 
at high and low temperatures and smooth glossy sur- 
face. It withstands oils and chemicals, is noncorrosive 
to copper and has high dielectric strength which per- 
mits thin insulation walls. Manufacturer: B. F. Good- 
rich Chemical Co., 324 Rose Bldg., Cleveland 15, 0. 


For additional information circle MD 7 on Page 179 





Industrial Electronic Timer 


Automatic opera- 
tion, limit and _ se- 
quence timing are 
possible with this 
electronic timer. Tim- 
ing ranges of 0.06 to 
1.2-seconds, 0.6 to 12- 
seconds and 6 to 120 
seconds can be ob- 
tained. Relay arma- 
ture is only moving 
part and_ standard 
electronic tube is em- 
ployed. Load require- 
ments are 15-amp in- 
rush, 10-amp carry 
and 5-amp break. De- 
tachable back plate 
mounts directly on rigid conduit or any flat surface. 
Space between terminal board and cover provides 
adequate room for front-connected wiring. Dual con- 
tacts permit control of two operations on same time 
schedule. Manufacturer: General Electric Co., Con- 
trol Div., Schenectady 5, N. Y. 


For additional information circle MD 8 on Page 179 











Magnetic Air Valve 


Rotary design of 
this magnet-operated 
air valve permits high 
capacity and fast op- 
eration in an ex- 
tremely small-size con- 
trol unit. Direct-act- 
ing magnet and low 
inertia of rotary valve 
motion provide con- 
tinuous operating 
speeds of 300 cycles 
per minute and up to 600 cycles per minute on inter 
mittent duty. Designed as a four-way, four-port 34-i2. 
valve for control of a double-acting air cylinder, the 
unit can be converted to three or two-way operation 
by plugging proper ports. Pressures up to 100-psi 
can be handled. Valve body and rotor are Manganese 
bronze; all magnet parts are hardened for durability. 
Rotor is pressure-balanced to minimize bearing weal 
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and has spring-loaded vanes to insure positive seal. 
Valve can be mounted in any position. Manufacturer: 
Square D. Co., 4041 .N. Richards St., Milwaukee 12, 
Wis. 


For additional information circle MD 9 on Page 179 





Potentiometer Controller 


Temperature, speed, 
flow, pressure, static 
strain loads, voltage, 
etc., of any industrial 
equipment can be con- 
trolled with extreme 
accuracy and speed 
by Potentiotrol poten- 
tiometer controller. 
Measurements can be 
obtained with any 
primary element pro- 
ducing electric im- 
pulse. Device is essentially a combination of an elec- 
tronic control circuit with balanced or potentiometric 
type measuring system. Instrument is recommended 
for installations where use of “suppressed ranges” 
and null type measuring system are desired. Selected 
span is spread over large open scale and 914-in. slide 
wire for readability from distant points as well as 
for close control. Manufacturer: Wheelco Instruments 
Co., Chicago 7, Ill. 


For additional information circle MD 10 on Page 179 
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Air Circuit Breaker 


Consisting of two 
springs and handle 
assembled in case, 
Stab-Lok air circuit 
breaker is of unit- 
pole construction and 
has thermal-magnetic 
overload. It can be in- 
serted in enclosing 
case in same manner 
as fuse. Unit is ap- 
proved by Underwriters’ Laboratories. Manufacturer: 
Federal Electric Products Co., 50 Paris St., New- 
ark, N. J. 


For additional information circle MD 11 on Page 179 








Totally Enclosed Motors 


Supplied in ratings from 5 to 250 hp in both stand- 
ard type EP and explosionproof type JP designs, these 
cast iron frame motors are especially suitable for 
outdoor installations or where corrosion is a problem. 
Frame, endplates, blower shield and conduit box are 
cast iron. Blowers used on type EP motors are malle- 
able iron and those employed by type JP motors are 
honsparking bronze. On all except largest ratings, 
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blower design permits operation of motors in either 
direction of rotation. Rotor squirrel-cage is cast alu- 
minum and is dynamically balanced. Other design 
features include sealed leads, cartridge type ball bear- 
ings, protected stator laminations and varnish-treated 
windings. Manufacturer: Wagner Electric Corp., 6400 
Plymouth Ave., St. Louis 14, Mo. 


For additional information circle MD 12 on Page 179 





Rotary Snap Switch 


Compact and totally 
enclosed, No. 2800 ro- 
tary snap switch is of- 
fered in a wide variety 
of circuit sequences in- 
cluding double and sin- 
gle pole series-parallel, 
and on and off circuits. 
It is rated at 15 amp 
125 volts ac and can be 
supplied with four posi- 
tions or limited position. 
Switch body is 134 in. high, 13@ in. wide, and %-in. 
deep. It is usually furnished with type S shaft, but 
special shafts can be supplied. The switch is adapted 
to such applications as panel boards, instruments, 
computing mechanisms, air-conditioning equipment, 
etc. Black, white or colored plastic indicating rotary 
switch handles can be furnished. Manufacturer: Ark- 
Les Switch Corp., 51 Water St., Watertown 72, Mass. 


For additional information circle MD 13 on Page 179 








Speed Reducers 


Designed for a wide 
variety of power 
transmission require- 
ments, these concen- 
tric and right-angle 
type units are suit- 
able for use as speed 
reducers or as speed 
increasers. Both units 
are enclosed in all- 
steel housings and 
are supplied in an ap- 
proximate range of 1 
to 50 hp. Efficiency is 96 to 9814 per cent at full load. 

Type CB right-angle reducer is available with out- 
put shaft in either horizontal or vertical position. 
Output speeds from 1 to 350 rpm are possible with 
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input speeds up to 1750 rpm. Ratio range is from 
5.7:1 to 515:1. 

Type C concentric shaft unit has a ratio range of 
1.5:1 to 970:1. It delivers from 1 to 1170 rpm at in- 
put speeds up to 1750 and higher if necessary. a 
facturer: Falk Corp., Milwaukee 8, Wis. 


For additional information circle MD 14 on Page 179 


Nickel Alloy T-Sections 


Having application as 
structural parts for fur- 
naces and other high 
temperature equipment, 
hot-rolled Inconel is sup- 
plied in equal T-sections 
measuring 1% by 142 
by 4-in. in lengths to 
15 ft. Weight is approx- 
imately 234 lb per ft. 
Section can be easily 
welded, riveted or otherwise joined. Structurals of 
Same size can also be supplied in nickel and Monel 
where tonnage demands are sufficient. Manufacturer: 
International Nickel Co., Huntington, W. Va. 


For additional information circle MD 15 on Page 179 








Forged-Steel Casters 


Designed for heavy-duty 
service on racks, dollies and 
portable equipment, 500 series 
steel-forged casters are flame- 
hardened to produce hard 
wearing surface in ball race- 
ways for fast swiveling ac- 
tion. Casters are equipped 
with 2\4-in. wide 4, 6, 8 or 10- 
in. diameter wheels in either 
swivel or rigid types. Models 
are available with nicro-steel, 
Durastan plastic, molded-on rubber, or V-trac wheels. 
Top plate is 544 by 714 in., with bolt hole spacing of 
35g by 5% in. Manufacturer: Rapids-Standard Co., 
Dept. C-500, 342 Rapistan Bldg., Grand Rapids 2, Mich. 


For additional information circle MD 16 on Page 179 








Ball Bearing Flange Unit 


Featuring metal two-bolt 
style housing, FED series 
ball bearing flange unit for 
use on small shaft equip- 
ment handles light loads at 
normal speeds. Precision 
internal self-aligning ball 
bearings compensate for 
shaft deflections and mounting inaccuracies. Laby- 
rinth-type seal minimizes drag and wear. Unit is 
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locked to shaft by headless set screw and standard 
grease fitting is provided for supplementary lubrica- 
tion. Manufacturer: Ahlberg Bearing Co., 3025 W. 
47th St., Chicago 32, Ill. 


For additional information circle MD 17 on Page 179 





Pneumatic Vibrators 


Featuring full-pow- 
er start and minimum 
air consumption, se- 
ries 76 pneumatically 
operated vibrators de- 
liver 2200 to 6000 im- 
pacts per minute, de- 
pending upon piston 
diameter and line 
pressure. Air  con- 
sumption ranges from 414% to 8 cfm at 80-psi line 
pressure. Piston diameters vary from \% to 2% in. 
Bronze alloy cylinder liner insures permanent piston 
lubrication. Manufacturer: SPO Inc., 6534 Grand Di- 


vision Ave., Cleveland 5, O. 
For additional information circle MD 18 on Page 179 








Snap-Action Switch 


Designed for use / CA . 
in conjunction with 
relays and limit 
switches, this snap- 
action switch will 
accommodate high 
inductive loads | 
with minimum arc-  L- . - ai 
ing. Main operat- 
ing blade is tempered spring steel and can be furnished 
to operate at various pressures. Conventional switch 
can be used for single-pole single-throw or single-pole 
double-throw requirements. Special types can be fur- 
nished on specification. Manufacturer: Comar Electric 
Co., 3148 N. Washtenaw Ave., Chicago 18, IIl. 


For additional information circle MD 19 on Page 179 














Quick-Stopping Motor 


Fundamentally an 
induction motor with 
standard squirrel- 
cage rotor, this unit 
is designed for appli- 
cations requiring 
quick stopping. Stat- 
or employs, in addi- 
tion to its running 
winding, a single-phase alternating current winding 
for electrodynamic braking. When motor stopping 
mechanism is actuated, circuit to running winding is 
disconnected and circuit completed between power 
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source and braking winding. Under influence of brak- 
ing winding, retarding force several times that of full 
load torque is applied to rotor. As motor approaches 
complete stop, braking force becomes negligible. Mo- 
tor is obtainable in sizes from 1/20 to 10-hp NEMA 
size 286 in single and polyphase types. Manufacturer: 
Standard Dayton Corp., P. O. Box 1001 Dayton 1, O. 


For additional information circle MD 20 on Page 179 





Temperature-Pressure Recorder 


Temperature and 
pressure can be re- 
corded under variety 
of changing condi- 
tions by this 6-in. 
chart recorder. In- 
strument can be con- 
verted from temper- 
ature to pressure re- 
corder and changed 
in recording range. 
Pressure _ system 
ranges cover from 0 
to 5000 psi and temperature system ranges cover from 
—40 to 1000 F. Bulb of instrument is supplied with 
mercury, gas or vapor filling according to use. Re- 
corder can be flush or wall mounted; legs and handle 
are available to make device portable. Manufacturer: 
Gotham Instruments Div., American Machine & Met- 
als Inc., 149 Wooster St., New York 12, N. Y. 


For additional information circle MD 21 on Page 179 








Variable Transformer 


Continuously - ad- 
justable source of al- 
ternating - current 
voltage for hazardous 
areas is supplied by 
this exposionproof 
Powerstat variable 
transformer. The to- 
tally enclosed unit will withstand internal gas or va- 
por explosions and will prevent ignition by internal 
spark or flash of vapor or gas surrounding enclosure. 
Underwriters’ Laboratories approved for Class 1, 
Group D service, the transformer is supplied in 115 
and 230-v ratings for single-phase operation. Manu- 
facturer: Superior Electric Co., Hannon Ave., Bris- 
tol, Conn. 

For additional information circle MD 22 on Page 179 








Industrial Hydraulic Fluid 


Excellent lubricating qualities, nontoxicity and 
flame resistance are features of OS-16 industrial hy- 
draulic fluid. Ester-base compound will not corrode 
bearings or other metal parts and is nonconductor of 
electricity. Field tests in hydraulically operated min- 
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ing equipment at 1500 psi have indicated its value as 
power transmission medium. Manufacturer: Monsanto 
Chemical Co., St. Louis 4, Mo. 

For additional information circle MD 23 on Page 179 


Motorized Speed Reducers 


Now available in 
splashproof design 
for horizontal floor 
mounting, Slo-Speed 
geared electric power 
drives are sufted for 
locations which are 
subject to direct 
streams of water or 
other liquid. Built 
with single or double reduction gears, motors provide 
speeds from 780 down to 20 rpm in ratings of % to 
15-hp. One-piece cast iron stator frame and end bells 
with integrally cast baffles are construction features. 
End bell design permits free passage of ventilating 
air through motor while preventing splashing liquids 
from reaching interior. Seals on shaft ends insure 
positive protection of bearings. Manufacturer: Ster- 
ling Electric Motors Inc., Los Angeles, Calif. 

For additional information circle MD 24 on Page 179 








Repulsion-Induction Motor 


Combining high 
starting torque of re- 
pulsion type motor 
with constant-speed 
characteristics of in- 
duction motor, type 
SCR single-phase mo- 
tor is available in 5, 
7% and 10-hp 1800- 
rpm ratings. Latter 
two models use 230 v 
while 5-hp type oper- 
ates on 115/230 v. All have cast-iron frame and are 
of open, dripproof type. To insure good alignment 
between stator and rotor, ball bearings are mounted 
directly in end shields. Cooling is provided by single 
large-diameter cast aluminum fan. Manufacturer: 
General Electric Co., Small & Medium Motor Divs., 
Schenectady 5, N. Y. 


For additional information circle MD 25 on Page 179 








Dry Disk Rectifiers 


Designed for use in small battery and trickle charg- 
ers as well as in other low-voltage direct-current 
supply applications, Lektron magnesium-copper sul- 
phide dry disk rectifiers are offered in three sizes. 
Capacities are 2-4, 4-6 and 6-10 amp. Unaffected by 
atmospheric conditions, rectifiers can be cooled by 


169 








\\ 


AND MATERIALS 








SS 





convection. Instant operation at temperatures from 
—40 to 284 F is possible. Manufacturer: Electronic 
Rectifiers Inc., 2104 Spann Ave., Indianapolis, Ind. 


For additional information circle MD 26 on Page 179 


Short-Stroke Solenoid 


Featuring a_ cast 
Permafil coil as- 
sembly and one-foot 
Flamenol leads, this 
push type solenoid is 
available in four mod- 
els with strokes of 4% 
and 5/16-in. and two 
stacking thicknesses. 
The solid block 
around coil is resist- 
ant to moisture, oil, 
shock and is vibra- 
tionproof. The push 
mechanism consists 
of a stainless steel 
push pin brazed to the plunger. A Neoprene pad 
fastened to the backstop absorbs shock of return 
stroke. Manufacturer: General Electric Co., Control 
Divs., Schenectady 5, N. Y. 


For additional information circle MD 27 on Page 179 





Stainless Steel Bellows 


Especially suited 
for applications in 
control and _ instru- 
mentation, these 
stainless steel bellows 
can be used where 
problems of pressure, 
high and low temper- 
atures and corrosion 
are factors. They are 
manufactured in single and multiple-ply construction 
in various lengths, dependent upon requirements. 
Bellows or bellows assemblies with standard fittings or 
fittings to customer’s specifications can be supplied. 
Fittings can be attached by electrical circular seam 
welding to insure leakproof assemblies. Manufacturer: 
Chicago Metal Hose Corp., 1308 S. Third Ave., May- 


wood, Ill. 
For additional information circle MD 28 on Page 179 
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Time Adjustment Dial 


Usable with line of 
time delay relays, these 
adjustable dials can be 
surface or flush mount- 
ed. Time can be changed 
easily, and setting locks 
positively. Flexible de- 
sign of relay allows for 
addition of radio-inter- 
ference filter and a gov- 
erned motor on direct 
current models. Clutch- 
holding contacts for 
push button start can be 
supplied on either alter- 
nating or direct current models. Manufacturer: A. 
W. Haydon Co., Waterbury, Conn. 


For additional information circle MD 29 on Page 179 








Speed Reducer 


Available in a va- 
. Yiety of sizes from 
* 14 to 10 hp, GeartorK 
speed reducer consists 
of a system of plane- 
tary gears mounted 
in a cast semisteel 
frame. The above 
sizes are also supplied 
with double-reduction 
gear trains. The elec- 
tric motor is bolted directly to the frame; speed re- 
ducer and motor form a compact, easily mounted unit 
requiring only slightly more space than the motor 
itself for installation. Flange-mounted models can be 
obtained for special applications. Construction fea- 
tures include oil-bath lubrication, machined and 
shaved gears and main shaft mounted on antifriction 
bearings. Manufacturer: Jensen Bros. Mfg. Co., Cof- 
feyville, Kan. 


For additional information circle MD 30 on Page 179 
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Two-Speed Transmission 


Any preselected ra- 
tio from direct motor 
speed to 6:1 reduc- 
tion can be obtained 
with this two-speed 
automatic transmis- 
sion. It has a 20-hp 
capacity with a mini- 
mum input speed of 
900 rpm. The mechanism consists of two over-run- 
ning clutches so arranged that by reversing the mo 
tor, two speeds are provided without changing diret- 
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Corrosion of Bearings-! 


LL bearing materials should be fabri- 
cated to meet requirements of corro- 
sion resistance. These requirements are of 
two distinct types. Corrosion resistance 
prior to installation and corrosion resist- 
ance after installation. 


Prior to installation, bearings may corrode 
during shipment or in storage. The corrod- 
ing medium usually is water or water 
vapor due to occasional exposure to high 
humidity or actual condensation of water 
where cold metal is brought into a warm 
room under such conditions that the 
temperature of the metal is below the dew 
point. In some rare cases corrosion may be 
caused by certain gases present in the 
atmosphere. These instances should be 
given individual study in order to arrive at 
the proper preventive. The resistance of 
the bearing metals to corrosion due to 
water or prior to installation is of a differ- 
ent order than corrosion resistance under 
operating conditions. In this first treatise 
we will limit the discussion to the former. 


The approximate tendency to corrode in 
the presence of water is shown in figure 
No. 1, under room temperature condi- 
tions. Steel is the most sensitive of all the 
materials used and precautions have to be 
taken to protect the steel against rusting. 
The amount of protection required de- 
pends on the expected time of exposure to 
atmospheric conditions. If steel-backed 
bearings are to be placed in service shortly 
after manufacture, then a light film of oil 
will suffice. For periods of protection up 
to six months an electro-deposit of tin or a 
heavier oil coating is used. For periods of 
protection up to two years an electro- 
deposit of tin, plus a light grease is used. 
For longer periods or for overseas ship- 
ment a heavy grease is often used. 





An excellent example of resistance to corrosion is this old bronze 
anchor recently dredged up from Monterey Bay, California, 
where it had lain in salt water for over 300 years 


A protective oil is required for lead-base 
babbitt for storage periods longer than 
six months. 


Both steel and lead-base babbitt are char- 
acterized by pitting when corrosion due to 
water vapor takes place. A few pits will 
not harm either of these materials but 
extensive corrosion may result in unde- 
sirable dimensional changes. 


Copper-lead will corrode because the lead 
phase is exposed but the lead is isolated in 
small areas and not subject to the more 
extensive attack of lead-base babbitt. 


Tin base babbitt, bronze and aluminum 
may stain on exposure to the atmosphere 
but damage due to corrosion under these 
conditions is practically unknown. 


Relative Comparison of Corrosion 


STEEL 
LEAD BASE 


COPPER LEAD gus 


TIN BASE 


eine 
BRONZE — 
ALUMINUM - 


Fig. 1 Tendency of bearing material to corrode in the presence of 
water vapor at room temperature. 
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The corrosion of bearings under service 
conditions is due to entirely different 
factors than under storage conditions. 


Service conditions are discussed in data 
sheet . . . Corrosion -2. 


Engineering Service 


Johnson Bronze offers manufacturers of 
all types of equipment a complete engi- 
neering and metallurgical service. We can 
help you determine the exact type of 
bearing that will give you the greatest 
amount of service for the longest period 
of time. We can show you how to design 
your bearings so that they can be pro- 
duced in the most economical manner. As 
we manufacture all types of Sleeve Bear- 
ings, we base all of our recommendations 
on facts free from prejudice. Why not take 
full advantage of this free service? 


8 
This bearing sheet data is but one of a series. 


You can get the complete set by writing to— 





SLEEVE BEARING HEADQUARTERS 
525 S. MILL ST. + NEW CASTLE, PENNA. 
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tion of rotation of output shaft. Speed control is pro- 

vided by means of a push button, limit or timing 

switch or other electrical means. Manufacturer: 

Western Mfg. Co., 3400 Scotten Ave., Detroit 10, Mich. 
For additional information circle MD 31 on Page 179 





Mercury Plunger Relays 


Incorporating two stand- 
ard EMT tubes in one coil 
structure, type EM-4 two- 
pole mercury-plunger relay 
handles loads up to 35 amp 
at 115-v ac. Measuring 
454 in. high, 3% in. wide 
and 214 in. deep the unit 
is available with contacts 
normally open, normally 
closed or with one contact 
normally open and the 
other normally closed. Lat- 
ter arrangement permits 
instantaneous switch from one circuit to another. 
Features are hermetic dustproof construction with 
heavy tungsten contacts in hydrogen-filled glass tube. 
Contact is made from mercury to mercury when in- 
ternal magnetic plunger is energized. Manufacturer: 
Ebert Electronics Corp., 185-09 Jamaica Ave., Hollis 
ae A 


For additional information circle MD 32 on Page 179 





Shaded-Pole Motor 


Means for accurate posi- 
tioning of gears with motor 
shaft is construction feature 
of redesigned Raytheon 350 
shaded-pole, 1/40 to 1/7-hp, 
3000-rpm motors. Assembly 
utilizes two centerless- 
ground tubular-steel dowels 
which can be extended be- 
yond bearing brackets of 
motor to furnish indexing 
position in relation to motor 
shaft. Other improvements 
include addition of stamped 
aluminum bracket, larger bearing and remodeled bear- 
ing spring. Latter permits more end thrust as bear- 
ing rides against bracket instead of spring. Manufac- 
turer: Russell Electric Co., Chicago, Il. 

For additional information circle MD 33 on Page 179 








Flow Control Valve 


Improved Pneu-Trol flow control valve for air and 
hydraulic cylinder speed control employs Dryseal pipe 
threads to insure tight joints and to eliminate air 
or fluid leakage at pipe-valve connection. Floating 
ball check provides effective and sensitive control. 
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FLOATING BALL ci 










CONTROLLED FLOW film 
TO CYLINDER 














(O-RING UNDER ANGULAR COMPRESSION) 





Valve is available in 4, 4, %, % and 3-in. sizes, 
Compact body design permits consolidated piping ar- 
rangements. Manufacturer: Pneu-Trol Devices Inc., 
3122 N. California Ave., Chicago 18, IIl. 


For additional information circle MD 34 on Page 179 





Hydraulic Pumping Unit 


Available with eith- 
er 5-pint or 3-gallon 
reservoir, improved 
Midget hydraulic 
pumping units have 
outputs of 0.1 to 2.8 
gpm. Type with 6%- 
pint reservoir is avail- 
able on special order. 
Pump pressures are 
preset according tol 
specifications. Reservoir is mounted on open, totally 
enclosed or explosionproof motor; pump, check valve 
and relief valve are enclosed. Both reservoir and bulk: 
head are aluminum, and units with open motors have 
aluminum motor frames. Pressure and return line 
connections are for %-in. flared tubing, but 4-in 
pipe thread or hose coupling connections can be sup 
plied. Pumping units are adaptable for portable appli- 
cations. Manufacturer: John Dusenberry Co., 27! 
Grove Ave., Verona, N. J. 

For additional information circle MD 35 on Page 179 








Four-Way Hydraulic Valve 


Employing a hy- 
draulically balanced 
piston which has it 
tegral spool and stem, 
this series 5500 douw- 
ble-solenoid four-way 
valve is designed for 
use as a semiautomatic electric control of a hydraulit 
circuit. Two solenoids, continuous-duty push typé 
are located at each end of the valve body. Entire pis 
ton surface is hardened, ground and lapped with spec 
ial grooving to minimize possibility of binding unde! 
high pressure conditions. 

Valve is offered in double solenoid operated typ 
with either standard action or spring centered action; 
single solenoid operated with spring return, ané 
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How You Can Design 
More Aoduction Time 
Into Your Machines ! 


Alemite offers 3 tested ways to 
make most any machine produce more, 
last longer and cost less to run 


That’s right! Alemite offers three different systems of 
Centralized Lubrication. That means you can make sure 
-in advance—that the machines you design will get the 
exact lubrication you know they require! 


For almost every machine — big or small, simple or com- 
plex—there’s an Alemite Centralized Lubrication system 
to provide rapid, automatic lubrication without loss of 
production time. Human error is eliminated, along with 
the contamination of lubricants. You cut machine main- 
tenance, “downtime” and repairs—in advance! 


No one system, of course, meets the requirements of 
every machine. That’s why Alemite makes three different 
systems of centralized lubrication — each available with 
manual control or automatic control by the clock. 


ALEMITE 


Modern Lubrication Methods That Cut Production Costs 


A qualified Alemite representative will gladly 
conduct an informative, desk-top demonstra- 
tion of these systems at your convenience, 
without obligation. 


Free catalogues on any Alemite system are 
available upon request. Address Alemite, Dept. 
R-80, 1850 Diversey Pkwy., Chicago 14, IIl. 





WARNER 
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Alemite “Midget” System -—slightly larger than a pin- 
| type fitting, this Alemite “Midget” measuring valve is 

readily applicable to all types of heavy, light and precision 
machinery. Its simple, compact design makes it especially suit- 
able wherever space limitations are encountered. Mounted on or 
near the bearings, the Alemite “Midget” delivers a measured 
amount of oil or grease from one central point. Can be installed 
for either manual or automatic operation. 








Alemite Single Line Terminating System. ..applicable 
D) to heavy or light machines, precision machines, outdoor 

installations. It is a single lubricant line, hydraulically 
operated system for oil or grease. Valves can be installed on or 
near each bearing. A measured amount of lubricant, large or 
small, is conveyed to each bearing from one central point while 
machine operates. An indicator signals when job is done. Choice’ 
of manual or automatic operation. 








excessive dirt and moisture is a problem. The system is 

completely enclosed, fully hydraulic. Each valve delivers 
a metered amount of oil or grease to two bearings. The lubri- 
cant flows progressively to each bearing while the machine is 
producing .. . an indicator at the point of introduction signals 
when lubrication is completed. Designed for manual or auto- 
matic operation. 


3 Alemite Single Line, Reversing System is ideal where 
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solenoid pilot operated. 

Designed for pressures up to 1500 psi, it is available 
in 4%, %, 4%, % and 1-in. sizes for 110, 220, and 440-v 
50/60 cycle operation. Other current specifications 
can be furnished. Manufacturer: Rivett Lathe & 
Grinder Inc., Brighton 35, Boston, Mass. 


For additional information circle MD 36 on Page 179 


Hydraulic Actuator 





Hydractor, a compact, 
self-contained, double 
acting hydraulic actua- 
tor, delivers positive 
straight line motion with 
cushioning action at 
both ends of stroke. As- 
sembly consists of mo- 
tor, pump, hydraulic cyl- 
inder, sealed-in charge 
of synthetic hydraulic 
fluid, and solenoid op- 
erated control valve. 
Base, foot, or clevis mounted, the Hydractor pro- 
vides hydraulically powered linear motion in a pack- 
aged unit just as a motor provides rotary motion. 

Available in three basic force capacities and fif- 
teen models, the 1000 pound and 2000 pound models 
have linear speeds ranging from 3 ips to 12.1 ips, and 
the 4000 pound units operate at 2.2 ips to 6.7 ips. 
Standard stroke is 12 inches. Longer or shorter 
strokes, adjustable speed controls, load sustainer and 
other modifications are available to make the Hydrac- 
tor a versatile machine. Manufacturer: Benjamin 
Lassman & Son, Oliver Building, Pittsburgh 22, Pa. 


For additional information circle MD 37 on Page 179 














Coolant Pump 


Impeller housing, spacer 
supports, mounting flange 
and lower motor end bell of 
Gusher model 6 P3 coolant 
pump consist of one casting. 
One spacer support is cored 
to provide discharge passage 
from pump through plate 
flange and to simplify mount- 
ing in tank or machine bed 
plate. Equipped with perma- 
nently lubricated precision 
ball bearings, 1/10-hp 3450- 
rpm driving motor has preci- 
sion ground shaft extending 
through entire length of unit. 
Rotating assembly is dynam- 
ically balanced by electronic 
process. Manufacturer: Ruth- 
man Machinery Co., Cincin- 








nati 2, O. 


For additional information circle MD 38 on Page 179 
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Relief Valve 


Available with either short 
or long stem and with or 
without try levers, type TD 
Tempo automatic reseating 
relief valve has_ standard 
relief pressure setting of 125 
psi and temperature setting 
of 210 F. Other settings can 
ke specified when ordered. All 
parts are accessible from top, 
and valve can be cleaned 
without being taken off line. 
Features include nonsub- 
merged bellows acsembly that 
forestalls liming and snap-ac- 
tion design that insures self-cleaning of working paits 
each time valve operates. Manufacturer: A. W. Cash 
Valve Mfg. Corp., Decatur 80, IIl. 


For additional information circle MD 39 on Page 179 





Standardized Gear Sets 


Pre-engineered for 
known life expectancy 
and horsepower capaci- 
ty, Duti-Rated gears can 
be selected by procedure 
comparable to selecting 
antifriction bearings. By 
combining file-hard 
tooth surfaces with duc- 
tile cores, these gear sets have load carrying capaci- 
ties and wear life comparable to those of commercial 
gearing but feature considerable reduction in size and 
weight. Gears can be obtained in 200 combinations 
with ratios from 1.5 to 9.3 and center distances from 
2.7 to 15.5 in. Ratings range from fractional up to 
several hundred horsepower, and gearing is available 
in four basic pinion constructions and two gear types. 
Manufacturer: Foote Bros. Gear & Machine Corp., 
Chicago 9, IIl. 


For additional information circle MD 40 on Page 179 








Magnetic Plugs 


Made of sintered Alnico, this mag- 
netic plug will remove ferrous metal 
particles from moving lubricant. By 
varying length of nonferrous support- 
ing stem, magnet can be placed any- 
where in lubricant stream. Cleaning is 
accomplished by air blasting. Having 
tractive force of 11 oz, plug employs 
Dryseal thread which requires no pipe 
compound for installation. Plug is 
available in 1%, to 114-in. sizes with standard square, 
countersunk or special design head. Manufacturer: 
U. S. Plug & Fitting Co., 501 High Ave., Cleveland, 0. 


For additional information circle MD 41 on Page 179 
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Although it is but one instrument, the organ 

can reproduce a single musical pattern in a multitude 

of tones and varied effects. Sivyer offers the 

same unusual flexibility in castings. The composition, 

the characteristics of a casting ...even 

though the pattern is the same...can be varied 

to suit a wide range of needs or conditions. 

This flexibility can mean extra economy, increased efficiency 


in many ways for the shrewd buyer of steel castings. 


IN A VARIETY OF ALLOYS 


PS AVYER 


SPECIALISTS IN Wut ALLOY AND 
SPECIFICATION STEEL CASTINGS 









SIVYER STEEL CASTING COMPANY e@ MILWAUKEE EHC EDO 
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ENGINEERING DEPARTMENT 









For additional information on this new equipment see Page 179 


Drafting Lead Sharpener 


For drafting or photo 
retouching work, this pre- 
cision sharpener contour 
grinds uniform round and 
chisel points on standard 
leads in mechanical holders 
from 1/32-in. below chuck 
to tip. Operating on 115-v 
69-cycle ac, sharpener has 
lever for adjustment to de- 
sired point size. Manufac- 
turer: Rajean Mfg. Co., 
906 Kingston Ave., Racine, 
Wis. 


For additional information circle MD 42 on Page 179 





Portable Print Dryer 


Low-cost Rotomaster portable print dryer can be 
used for photographs, blueprints, Vandykes and photo- 
copies. Dryer employs 23 by 28-in. mirror-finish stain- 
less steel drum and built-in squeegee to simplify ap- 
plication of prints to drying surface. Two-heat element 





maintains constant temperature according to setting 
and will not scorch prints. Unit dries full load in from 
4 to 8 minutes and requires 300 w at 115-v ac. Man- 
ufacturer: Lott Mfg. Co., 51 Parker Ave., Jamestown, 
mE 


Yor additional information circle MD 43 on Page 179 





Bolt and Nut Template 


This No. 85 drafting template contains cutouts for 
socket head cap screws; American Standard hex-head 
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bolts and nuts; square bolts, nuts and setscrews; 
socket head stripper bolts and fillister cap screws; flat 
head cap screws; and drill point and countersink 
angles. It is made of 0.030-in. double-cured mathe- 
matical quality plastic with printing on matte surface 
to minimize wear. The template measures 5 by 
10-7/16 in. Manufacturer: Rapidesign Inc., Box 592, 
Glendale, Calif. 


For additional information circle MD 44 on Page 179 





Optical Projector 


In addition to serv- 
ing as a measuring in- 
strument with readings 
in increments of 
0.0001-in.: in two planes 
at 90 degrees, this uni- 
versal projector pro- 
vides both contour and 
front-surface projec- 
tion of subject being 
measured. It is avail- 
able in standard mag- 
nifications of 10, 20, 
30, 45 and 60 power 
as well as any special magnification up to 120 power. 
Screen is 6 in. square and is supplied with single 
vertical and horizontal cross lines. Additional lines 
or layouts can be added quickly by means of scribe 
and vernier height gage. Measuring stage has 1-in. 
travel in two planes at 90 degrees and is 5 in. square. 
Since projection hood can be raised or lowered, parts 
up to 5 in. high can be measured. Manufacturer: 
Stocker & Yale, Association Bldg., Marblehead, Mass. 
For additional information circle MD 45 on Page 179 
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BIG KAYDON PRECISION BEARINGS PROVIDE 


PRECISION SUPPORTS FOR NEW 


*RIM-BALL’”’ 


















A special KAYDON 4-point Ball Bearing, pi --loaded 
in assembly of the new line of Rehnberg-Jacobson 
“Rim-Ball” Index Tables, provides support 
underneath and just inside the outer edge all 
the way around. Designed to take heavy thrust and 
radial loads in any direction, this bearing 
completely prevents any tendency of the table 
to tip or distort, even slightly. 


All six table sizes, ranging from 16” to 42”, in the new line of R-J “RIM-BALL” Index 
Tables, are equipped with the type of KAYDON Special Ball Bearings shown above ... a 35” 


outside diameter bearing, fer instance, is pre-loaded in assembly on the largest table. 


This well-engineered ball bearing rim-support ... plus locking accomplished by a cam- 
operated taper pin with a solid, quiet, smooth, accurate action . . . enable these tables to 
handle efficiently the heaviest cuts of milling or other chatter-producing operations in 
machining, as well as conventional drilling, reaming, tapping and similar precision work. 

KAYDON bearing engineers, backed by sound experience and unusual facilities for designing 
and producing special bearings in sizes 4” to 120” outside diameter, will gladly work, in con- 
fidence, with your engineers, to improve performance in the machinery you produce. For 
dependable bearing counsel, contact KAYDON of Muskegon. 


KAYDON Types of Standard or Special Bearings: Spherical Roller ¢ Taper Roller 
) N Ball Radial ¢ Ball Thrust ¢ Roller Radial ¢ Roller Thrust ¢ BILANGULAR Roller 
THE ENGINEERING CORP... MUSKEGON, MICH. 









ALL TYPES OF BALL AND ROLLER BEARINGS 4" BORE TO 120” OUTSIDE DIAMETER ° 
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“.... further information on bevel gear article” 


To The Editor: 

In the article “Bevel Gear Trains” by Mr. Paul 
Grodzinski appearing in the March 1950 issue of the 
magazine, I have found some items that I cannot fol- 
low through by computation, by assumptions made, 
or by statements in the article: 

1. The left-hand side of Equation 5 does not follow 
from Equation 4. 

2. The algebraic sign of the right-hand side of 
Equation 13 does not follow from Equation 12. 

3. The right side of Equation 15 should read b + a 
cos y. 

4. The incorrect sign in Equation 12 leads to dis- 
crepancies in Equations 19, 20 and 24. 

—RAYMOND S. KUKFA 
Troy, N. Y. 


“ ... errors in the formulas” 


To The Editors: 

Unfortunately, there are a few errors in the formu- 
las of my article. For Equation 5 I have to accept 
the responsibility, but Equations 12 and 15 seem to 
have become incorrect through typographical errors. 
After correcting Equations 5 and 12, Mr. Kukfa’s ob- 
jections resolve themselves without comment. 

However, I have fourd a further misprint in Equa- 
tion 8, and would therefore be glad if you could bring 
the following corrections to the attention of your 
readers. Equation 5 should read 


2CP = N;/sin a, = N2/sin ag = N3/sin ag 
Equation 8 should read 
tan a; = sin y:/[(Ni/N2) + cos y:] 
Equation 12 should read 


b sin y; — a sin y2 = Cos y; SiN y2 — SiN y1 COS y2 
= sin (y2 — ¥1) 
and Equation 15 should read 


rcose = b+ acosy. 
—PAUL GRODZINSKI 
London, England 


“. ... cut-and-try bevel gear solutions” 


To The Editor: 

Having just had occasion to refer to the article on 
“Bevel Gear Trains” by Paul Grodzinski, that ap- 
peared in your March 1950 issue, I submit herewith 
a cut-and-try solution of a problem of the kind Mr. 
Grodzinski is trying to simplify. Symbols used con- 
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form to ASA B6.5-1949, Letter Symbols for Gear 
Engineering. 
Problem: Determine pitch cone angles for the gears 
and the position of the intermediate shaft for a bevel 
gear train of three gears, given 
= = 75° 
Mg = 4.70 to 4.75 
Np(Min) = 20 


The number of teeth on the idler is to be approximate. 
ly the mean of other two, and is to be prime to both: 


Ne = (4.70 to 4.75) X 20 
= 94 or 95. Use 95 

N,; = (20 X 95) 0-5 
= 43.5. Use 43 


The following trials and final solution are on the 
basis of 1 diametral pitch, the first three being by 
slide rule, while the last three were done with a cal 
culating machine. 





Trial No. 1 2 3 

, Sit Si: 80 79 79.8 

Yp = arc sin (20/2A,) 7.2° 7.28° 7.21° 
Yr = arcsin (43/2A,) 15.6° 15.8° 15.67° 
Ye = arc sin (95/2A,) 36.5° 37.0° 36.6° 
= (yp + 2 ¥1 + Ye) 74.9° 75.88° 75.15° 

Trial No. 4 5 6 

A, 79.900 79.800 79.789 
sin yp .125156 .125313 -125330 
sin y; -268086 .269423 -269460 
sin Ye ee .594493 .595238 .595320 
YP . outs 7°11'23” 7°11'56” 7°11'59" 
Yr 15°36'36” 15°37'48”  15°37'56” 
Ye Tee 36°28'35” 36°31'46” 36°32’ 8” 
21 (yep + Yr) 22°47'59” 22°49'44”  22°49'55”" 
Ze (y¥1 + Ye).... 52° 511” 52° 9'34” 52°10’ 4” 
= (2; + Ze).... 74°53'10" 74°59'18”  74°59’59”" 


The first trial value (80) of the cone distrance A) 
was chosen after assuming that the pitch cone angle 
of the gear would be about one-half of the 75-degret 
shaft angle. The value of A, used in trial No. 6 was 
determined by extrapolation from the values used 2 
trials 4 and 5, assuming that within the limited range 
covered by these three trials 3 varies inversely as Ay 

In this solution there has been no need to construtt 
the auxiliary chart, Fig. 3 of the article referred to 
Neither has there been any occasion to resort to Ut 
use of an infinite series. The difference between Ue 
sum of pitch cone angles and shaft angle is one secont 
against the author’s 20, and the 180-degree shall 
angle, instead of being a special case, is simpy 
another of the same kind. Extending this method t 
a train involving an internal bevel would present ? 
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to an imaginative product designer. . . 






Du-Fast sander and polisher 
attachment for home utility 4” 
electric drill. Attachment only 
by Du-Fast, Inc., N. Y. 


e Cellular rubber does not become a “product” 
until you make it one in your application of 
its known qualities as ingulation against shock, 
vibration, sound and air and temperature 
transmission. 


Du-Fast, Inc., wanted a sander/polisher block 
sufficiently resilient for conformation to 
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to become 









this product feature 


curved and irregular surfaces, yet firm enough 
for efficient sanding and polishing. Du-Fast 
got the resiliency they wanted in the illustrated 
Spongex form compounded for the desired 
density and compression range and molded 
to the specifications of the unit it serves. 


In every industry there exists problems that 
Spongex cellular rubber may solve. Think 
about it. If your thoughts are on vibration, 
insulation, cushioning, gasketing, sealing or 
sound damping, we can be your greatest help. 


THE SPONGE RUBBER PRODUCTS COMPANY 


300 Derby Place, Shelton, Conn. 
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the method given in Mr. Grodzinski’s article. 


—HENRY C. GRAY 
The Falk Corp. 
Milwaukee, Wis. 


“. . . Springs with minimum solid height” 


To the Editor: 

In the article on “Springs” in the March issue of 
MACHINE DESIGN the author proposes a method based 
on calculus to find a spring with minimum solid height 
for given conditions. He applies this method to an 
example in which he finds a “minimum”’ solid height 
of 3.2141 inches. It is easy to show that springs with 
less than 3 inches solid height can be designed which 
meet all the conditions of the problem; data for two 
such springs are given below. This indicates that 
there must be some error in the author’s method. 

Three of the many springs which meet the condi- 
tions of the problem are as follows: 


Spring Wire Dia. Outside Active Rate Solid Solid Solid 
Number d (in.) Dia. Coils k Load Stress Height 
D-+-d(in.) N (ib/in.) F, (ib) 8 (psi) H (in.) 
1 0.1875 1.4381 15.142 60 225 133098 3.2141 
2 0.207 1,44 11.75 120 300 133000 2.85 
3 0.1875 1.44 12.5 73 241 141000 2.72 


Spring Number 1 is the author’s solution. The 
values given to five or six significant figures are his. 
The rounded values for rate and solid load are calcu- 
lated from his data. 

Number 2 is a spring of commercial wire size which 
absorbs the same energy in the working stroke, has 
the same total clearance at the end of the working 
stroke (more between adjacent coils) same solid 
stress, same outside diameter, but shorter. 

Number 3 is made of the same wire and coil diam- 
eter as the author’s spring and meets all other con- 
ditions, but the stress is arbitrarily raised another 
8000 psi, just as the author raised the stress at the 
end of, his calculations from the assumed 125,000 to 
133,000. The result is of course a much shorter spring. 
This spring is shown to bring out the importance of 
stress in problems of this type. 





C Center of working stroke 
— g 






Center load - 


4 
/ 4 ae 4 
YY, 
4 4 / ee e 
AP Deflection from solid 
Wear ere’ Sy we 


Load-deflection curves of three springs which absorb the 
same energy U in the working stroke f. Spring B with solid 
load twice the fixed center load, absorbs least total energy 
from free to solid. Spring C is stiffer than B, absorbs more 
total energy, but may be shorter. Spring A is more flexible 
than B, absorbs more total energy and must be longer 
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great difficulty. I think that many will agree that the 
method outlined here is as simple as or simpler than 


The mathematical errors which result in a spring 
longer than necessary are hidden in Equation 12 of 
the article. The variable which should have been 
differentiated is Nd, not N, and this variable should 
have been differentiated with respect to the inde- 
pendent (unknown) variable d, not with respect to r 
which is fixed for all practical purposes by the per- 
missible spring diameter. 

Going through the differentiation and the neces- 
sary calculations after eliminating these errors, we 
have arrived at mathematically correct results; these 
results are not shown because the fine edge of calcu- 
lus is here used to cut a knot which can be unraveled 
easily with ordinary arithmetic. In problems of this 
type physical understanding is much more essential 
than mathematical complications. 


Proposed Method of Attack 


First decide on the highest permissible stress; it is 
most important. Comparing Springs 1 and 3, a 6 per 
cent increase in stress gave more than 15 per cent 
decrease of solid height. If the load is static, the 
permissible stress can be raised by using preset 
springs. If the load is frequently repeated, shotpeen- 
ing will permit higher stresses and smaller springs. 

Then choose the “configuration”. A nest of two 
springs will decrease the needed space. Special 
flattened spring wire will also decrease the space 
requirements. We assume that a single spring of 
round wire is desired. 

Next make trial calculations with a few wire 
diameters, d. The chosen stress and the given hole 
diameter determine the maximum permissible load F, 
for each wire (author’s Equation 1). The maximum 
load and the center load, F, which is the same for any 
spring which meets the conditions of the problem, 
together with the fixed distance from center of work- 
ing stroke to solid, determine the necessary rate. 

The center load, F, is the load at the center of the 
work stroke. Any spring which absorbs an energy, 
U, in a working stroke, f, will have the same center 
load, F=U/f, at the center of the working stroke 
provided it has a constant rate, k, which is assumed 
in the article. This is shown in the accompanying 
load-deflection curves. 

In the author’s example U=300 in.-lb, f=2 in, 
F—150 lb, deflection from end of working stroke to 
solid—b=—0.25 in. and therefore the rate must be 
made k= (F,—150)/1.25 Ib/in. 

If this rate turns out to be higher than 2U/f?, 150 
lb/in. in the example, the energy U could be absorbed 
in a stroke smallerfthan f or the full strength of the 
assumed wire will not be used. This will happen if 
the wire diameter, d, is assumed too big for the con- 
ditions of the problem. Rate k, wire diameter d and 
hole diameter determine the necessary number of ac- 
tive coils (author’s Equation 3) and the solid height 
is thus determined. 

A number of possible springs can be calculated by 
these elementary methods and the shortest spring 
chosen in little time. It should be kept in mind that 
even with the aid of higher mathematics a couple of 
check calculations of this type will be necessary be- 

(Concluded on Page 188) 
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A case history based on the 
es- experience of the Virginia / 
we Department of Highways a Be 
ese , 
nal F 
led TODAY the State of Virginia is engaged in a long-range Highway 
his Zoning Program which necessitates changing thousands of draw- 
‘ial ings to include proposed right of ways. 

How to do the job most economically was an important ques- 
tion: Retracing was ruled out—too slow, too expensive. The use 
of intermediate prints was considered next. They had to be 
long-lasting .. . easy to make .. . easy to revise. 

. is Here’s why Kodagraph Autopositive Paper was chosen 
s y P P P 
per for the job: 
ent 
the 
set eye . “« 
in Long-lasting intermediates are assured. In a “per- 
| manence test” made by the Virginia Dept. of High- 
’ ways, an Autopositive print was left on a roof top for 
bee 36 days. During this time this photographic interme- 
‘ial diate was exposed to 200 hours of sunlight . . . 6.88 
ace inches of rain. Despite all of this abuse it was declared 
of “good as new.” 
Proof, indeed, that “Autopositives” will stand up 
rire under less trying, normal conditions . . . will remain 
‘ole intact in the files year after year .. . ready to produce 
F, sharp, clean blueprints whenever needed. 
um 
any a Sia ; 
m, Photographic intermediates are produced at a new low 
ok cost. When “Autopositive” is used, positive photographic inter- 
mediates are produced directly without a negative step, with- 
out darkroom handling. Maximum efficiency is realized by the 
the Virginia Dept. of Highways because its “Autopositives” are 
By, turned out automatically . . . in a continuous blueprint machine, 
iter which can be converted readily for Autopositive production. 
oke 
ned Drafting revisions are easily made. Unwanted details 
in —such as existing right of ways—are removed quickly 
4 “<< *,* ”> . * 
‘ from “Autopositives” with corrector fluid. Then the pro- 
ie A . * L/ —: YD posed right of ways are drawn in with pencil or ink. 
mal | ee Be . * fe if im Thus, new masters— prepared without costly redrafting— 
to a xe LT are ready to turn out the blueprints needed for county 
be supervisors and resident engineers. 
= [Kod = A Tepositive tape 
bed OCIele) rela UvLeE/POSITIVE Leper 
the 
if “The Big sae, a in engineering drawing reproduction 
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an 19 
@ It enables you, or your ! 
ace local blueprinter, to produce | EASTMAN KODAK COMPANY 
ght positive photographic inter- | Industrial Photographic Division, Rochester 4, N. Y. 
mediates at a new low cost. | 
| Gentlemen: Please send me a c opy of your illustrated 
by @ It enables you to protect | booklet giving all the facts on Kodagraph Autopositive Paper. 
ing valuable originals from wear | 
hat and tear...obtain more | Name Position 
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Resistance Welding 
Designing, Tooling and Applications 


By Wallace A. Stanley, consultant, Progressive 
Welder Co.; published by the McGraw-Hill Book 
Co. Inc., New York; 329 pages, 8% by 11 inches, 
clothbound; available through MACHINE DESIGN, 
$7.50 postpaid. 


Based on material secured directly or indirectly 
from the American Welding Society, various manu- 
facturers of resistance welding equipment, and pro- 
fessional associations and journals, this book dis- 
cusses spot welding, projection welding, seam welding, 
and flash-butt welding. Spotlighting modern methods 
and developments, the material is presented in three 
successive stages: Basic information on resistance 
welding, the application of basic process details in 
designing welded parts, and the use of this back- 
ground and design data in tooling and production. 

Comprehensive and well-illustrated, the book should 
prove a ready reference for the engineer in the design 
of welded machine parts for economical and efficient 
production. 


Kent’s Mechanical Engineers’ Handbook 


Twelfth edition, in two volumes: Design and 
Production volume, 1611 pages, edited by Colin 
Carmichael, editor of MACHINE DESIGN; Power 
volume, 1409 pages, edited by J. Kenneth Salis- 
bury, general engineering and consulting labora- 
tory, General Electric Co.; published by John 
Wiley & Sons Inc., New York; clothbound, 5% 
by 85% inches; available through MACHINE DE- 
SIGN, $8.50 per volume, postpaid. 


In the review of this handbook, which appeared in 
the July issue of MACHINE DESIGN, the name of the 
publisher was inadvertently omitted. We regret the 
omission and apologize to our readers and to John 
Wiley & Sons. 


Oil Hydraulic Power and Its Industrial Applications 


By Walter Ernst, vice-president and director of 
engineering, The Commonwealth Engineering Co. 
of Ohio; published by the McGraw-Hill Book Co. 
Inc., New York; 366 pages, 6 by 9 inches, cloth- 
bound; available through MACHINE DESIGN, $6.00 
postpaid, 


This book should prove of value to design engineers 
considering the application of oil hydraulic power to 
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drive machine components. The author’s presentation 
is divided into sections on generation, utilization, 
transmission, control, and application. Each of these 
divisions includes detailed discussions of the com- 
ponents involved and their integration into a system. 

The pages devoted to the generation of power, for 
example, deal with rotary pumps—the type used al- 
most exclusively in present design. Principal repre- 
sentatives are gear pumps, vane pumps, and radial 
and axial plunger pumps. Models of these types made 
by various manufacturers are covered thoroughly— 
detailed design features, performance characteristics, 
limitations, advantages, and disadvantages. Design 
studies involving displacement, power, capacity, piston 
diameters, length of stroke, and other factors are 
presented. Sufficient theory for basic reference ap- 
pears in the opening chapters of the book. 


New Standards 


Fine-Pitch Straight Bevel Gears ASA B6.8—1950: 
This new standard was developed to cover generated 
straight bevel gears, of 20-diametral pitch and finer, 
for all shaft angles and with the numbers of teeth 
equal to or greater than 16/16, 15/17, 14/20, or 13/30 
for a 90-degree shaft angle. Tables give general di- 
mensions; tooth proportions for 1-diametral pitch; 
recommended tolerances for outside diameter, crown 
to back, and face angle; and fine-pitch straight bevel 
dimensions. Sketches show the important bevel gear 
blank dimensions and the application of tolerances to 
bevel gear blanks. Tooth proportions given are simi- 
lar to those of the AGMA Standard on Straight and 
Spiral Bevel Gears with the following modifications: 
Clearances are increased; tooth thicknesses corres- 
pond to those generated by a crown gear in which the 
tooth thickness and space width are equal; the maxi- 
mum face width is limited to three-tenths of the cone 
distance, or 8 divided by the diametral pitch, which- 
ever is smaller. Copies of this standard may be ob- 
tained from The American Society of Mechanical 
Engineers, 29 West 39 St., New York 18, N. Y.., for 
$1.00 each. 


20-Degree Involute Fine-Pitch System for Spur and 
Helical Gears ASA B6.7-1950: Spur gear portion of 
American Standard closely follows the 1932 Spur 
Gear Tooth Form Standard with a slight increase im 
the whole depth to allow for greater proportional 


MACHINE DESIGN—August, 1950 














950: 
ated 
ner, 
eeth 
3/30 
| di- 
tch; 
own 
evel 
rear 
s to 
imi- 
and 
ons : 
res- 
the 
axi- 
one 
ich- 


ical 
for 


and 
1 of 
pur 
> in 
ynal 


950 












You could—if space were no ob- 
ject. But the efficient way to do it 
is with a Universal HELIOCENTRIC 
Speed Reducer—built on a radically 
different principle that gives you 
more reduction, size for size, than 
any other reduction unit ever de- 
signed. 


In a HELIOCENTRIC reducer you 
can get ratios of 20 to 1 up to 80 to 
1 in one stage. In the same capac- 
ities and ratios as conventional com- 
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1,000,000 to 1 reduction? 
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petitive types, HELIOCENTRIC units 
cut your space and weight require- 
ment by as much as fifty percent. 


The load is distributed over 60 to 
70% of the teeth at any one time 
in a HELIOCENTRIC unit, while in 
conventional reducers every indi- 
vidual tooth must carry the entire 
load—must be built larger to with- 
stand the same shock or impact 
loading. 
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~ Eno cover 


30% OF PLUNGERS IN CONTACT 
PA gn! Write today 


m coast to coast are acclaiming tt adic d 
versal HELIOCENTRIC principle can help you solve your drive problem 


Your cost is lower when you use HELIOCENTRIC reducers: 
@ MORE COMPACT -—saves valuable installation space 


@ GREATER SHOCK-LOAD CAPACITY 


than any other reducer on. the market 


@ WEAR-LIFE 2 TO 3 TIMES LONGER —because of reduced unit tooth loading 


Universal Speed Reducers are available in 
motorized or non-motorized units—in ratios 
from 3 to 1 to 1,000,000 to 1—for all types 
of power transmission installations covering 
any hp or load requirement. In addition, 
Universal’s wide experience in the design and 


production of special drive equipment is at 
your command. 

For complete information on the HELIO- 
CENTRIC principle and on the standard 
Universal line, write for a free copy of Bul- 
letin 600. 


250,000 HELIOCENTRIC Reducers are now in service 


Specialists in Power Transmission 
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clearance necessary in fine-pitch gears. The series 
includes gears of 20-diametral pitch and finer having 
a 20-degree pressure angle. The standard range of 
pinion sizes, normally carried down to 10 teeth, has 
been extended to include a special range of 7, 8 and 
9 teeth because pinions of this size are used in many 
servomechanisms. Standard tooth proportions and 
formulas are included, also dimensions required when 
using enlarged pinions. Data sheets are presented 
covering: Enlargement of helical pinions of 20-degree 
normal pressure angle; permissable reduction in out- 
side diameter of gears from 20 to 200 diametral pitch; 
and design of spur and helical pinions having 7, 8, and 
9 teeth. All symbols are defined. Copies of the stand- 
ard may be obtained from The American Society of 
Mechanical Engineers, 29 West 39 St., New York 18, 
N. Y., for $1.50 each. 


Manufacturer & Association Publications 


Laminated Plastics Data for Industry: A compre- 
hensive 96-page handbook for the design and pro- 
duction engineer. Properties and performance char- 
acteristics of every grade of Formica are tabulated. 
Included are sections on molding, postforming and 
fabricating laminated plastics. The handbook is bound 
in a durable loose-leaf binder to provide for subse- 
quent additions. Copies may be obtained by sending 
a company-letterhead request and $1.00 in cash to 
The Formica Co., 4545 Spring Grove Ave., Cincinnati 
32, O. 


Professional Viewpoints 


(Concluded from Page 184) 


cause the “best” diameter determined by calculus 
will generally fall between two commercial wire sizes 
which must then be tried. 

A good first approximation to the “best” spring 
can be obtained by considering that the spring of 
minimum weight will result if the total absorbed 
energy is a minimum, which will be the case-if the 
solid load is twice the fixed given center load, F,= 
2F =2U/f. This relation can be proved by calculus or 
by elementary considerations of symmetry. The rate, 
k=2F/(f+2b), of the lightest spring is thus given 
as well as the solid load 2F, and a spring can be cal- 
culated from these. The shortest possible spring is 
generally somewhat stiffer, made of thicker wire than 
the lightest possible spring because more steel can 
then be packed into a given length. In our example it 
so happens that the shortest and the lightest spring 
for 133,000 psi solid stress are one and the same be- 
cause the next larger wire size is too thick. 

This property of springs, that least spring weight 
results when the solid load is twice the load “fixed” 
by the requirements, shows on inspection that the 
author’s spring, with 225-lb solid load and 150-lb 
fixed center load cannot be the shortest spring, be- 
cause it is more flexible than the lightest spring. 

—H. O. FUCHS AND R. I. GARDNER 
Preco Ine. 
Los Angeles, Calif. 








CAN BE 


@ A high percentage of all Peerless Motors 
are manufactured to meet the specific operat- 
ing requirements of the equipment with 
which they are to be used. Answering these 
motor problems has given Peerless engi- 
neers an experience that can be yours when 
you call Peerless for advice on motor appli- 
cations. 





You will save time, energy and money by 
turning your motor problems over to Peer- 
less. Call on us by telegram or telephone. 
Increased engineering and production facili- 
ties can be put to work for you promptly. 


THE PEERLESS ELECTRIC COMPANY © WARREN, OHIO 
Manufacturers of Quality Motors for more than 55 years 
Single Phase * Polyphase « Direct Current Motors 
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ERE’S MOTOR EXPERIENCE THAT 
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ON YOUR ICE CREAM? _ 


lif. Just because you used catsup on your steak, the waiter 
shouldn’t assume you use it on the rest of your dinner too! 

And just because one bearing is best lubricated by one 
T particular grade of oil, you shouldn’t assume that the 
same oil is best for a// bearings on that machine. In many 
cases it isn’t. 

OIL CUPS permit you to lubricate each bear- 
ing with the oil best suited to that bearing—thus 
prolonging bearing life, reducing maintenance 

costs, cutting down-time, boosting production. 
- And oil cups fortunately cost very little. 

Gits oil cups have been the standard for industry for 
more than 40 years. Gits Bros. has the largest selection 
of oil cups available anywhere. Call on Gits Bros. for a 
prompt, efficient solution to your lubrication problems. 








Write for free Price Guide Catalog 
GITS BROS. MFG. CO. 
, 1868 S. Kilbourn Ave. ¢ Chicago 23, Ill. 
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MOLDS FOR 


PLASTICS © 


It sounds foolish to say that molds are what you make 
them, but they are, and can be a definite headache for 
that reason. When a customer buys the cheapest mold 
that is offered to him, he may easily be heading for 
trouble. That same purchasing agent would throw up 
his hands in horror if some one proposed that he buy 
the cheapest available truck to tote his goods around. 
He knows well that there are other things to trucks 
than price. He would say that upkeep and continuity 
of service were important too, and that he was willing 
to pay for the insurance of these two items in the 


original cost. 


Because the mold is in some one else’s shop, and that 
some one else is assuming the responsibility for these 
items, is not enough to justify ignoring the quality 
of the mold to be purchased. Regardless of the blame 
being placed elsewhere for a breakdown in production, 
the purchasing agent will be the one to hear from the 


front office. 


The most talented molder in the world cannot make 
In fact, 90% 
of molding troubles, from accuracy to ultimate delivery, 


a bad mold stand up to a heavy schedule. 


are traceable to inferior molds or mold design. And 
most of these in turn trace back to pressure from some 
ambitious client who decided he would save money on 
Add 
to that, of course, a weak, hungry molder who yielded 


the molds after the piece price had been settled. 


in the hope that this time he could get away without 


Some time he does. 


NA (duha 


George K. Scribner, President 
BOONTON MOLDING CO., BOONTON, N. J. 
Phone: BOonton 8-2020 


trouble. 








\WEWS 


OF MANUFACTURERS 





The Chemical Department of the General Electric 
Co. has discontinued the fabrication of laminated 
plastics at the Coshocton, O., plant of its Laminated 
and Insulating Products division. This operation, 
which produced fabricated parts from Textolite lam- 
inates, has been sold to the General Laminated Prod- 
ucts Inc. with plants in New York and Chicago. Gen- 
eral Electric will continue to produce Textolite lam- 
inates in the form of sheets, tubes and rods at Co- 
shocton. It will also continue to manufacture dec- 
orative laminated plastics surfacing materials and 
custom molded laminated products. 

SJ 


Chicago Belting Co., a manufacturer of leather and 
synthetic rubber products, has formed a new com- 
pany, a wholly owned subsidiary, to be known as the 
Allis Seal Corp. Creation of the new company was 
prompted by Chicago Belting’s interest in expanding 
its mechanical seal service. 

+ 

The George L. Nankervis Co., Detroit, Mich., man- 
ufacturer of plating, buffing and metal-finishing equip- 
ment, has purchased the Electro-Mechanical Devices 
Co. of Detroit, as a wholly owned subsidiary. Elec- 
tro-Mechanical (EMDCO) designs and builds dyna- 
mometers, control panels, test stands and special ma- 
chinery for the automotive and aircraft industries. 
The subsidiary company will be known as the Elec 
tro-Mechanical Devices Division of The George L. 
Nankervis Co. The two companies are consolidating 
their facilities in a new plant located at 19255 West 
Davison, Detroit, Mich. 








¢ 


Fairchild Engine Division is the new name for the 
Ranger Engines Division of Fairchild Engine and Air- 
plane Corp. Located at Farmingdale, Long Island, 
the division is engaged in the development of various 
types of jet engines. 








+ 


Lebanon Steel Foundry, Lebanon, Pa., has effected 
licensing agreements with The Timken Roller Be: 
ing Co. to produce and sell a heat-resistant alloy; 
“16-25-6”. Patent and trademark registrations 4 
owned by Timken. Adaptation of the material to steey 
castings is underway to broaden Lebanon’s productioll 
of jet engine components and other heat-resistal 
steel castings of aircraft quality. 

. 
The S. H. Couch Co., North Quincy, Mass., manu 
facturer of communication and signaling equipmen 
has purchased the Anthony pushbutton former) 
manufactured by the Anthony Machine and Electric 
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VICKER$ HYDRAULICS 
Vlei 


HOUGH 
‘““PAYLOADERS” 


Re oe ee 
eT - 


Model HM “PAYLOADER 
bucket and 6,000 Ib lifting capacity. 


Sialse-Heim 


Vickers Hydraulics help various models of the 
Hough “PAYLOADER” live up to their name .. . a 
name that means fast, low cost operation. Typical 
are Models HM and HA shown here; a Vickers 
Series V-200 Pump supplies hydraulic power. The 
big Model HM also has Vickers Hydraulic Power 
Steering. 
The Vickers hydraulic equipment used on the 
Hough “PAYLOADERS"” is representative of only one 
series of units built expressly for mobile and con- 
struction machinery service. For example, the new 
Vickers Balanced Vane Hydraulic Pumps, Series 
V-200, V-300 and V-400 offer the designers and 
manufacturers of this class of machinery a wide 
range of pump capacities . . . capacities of 2 to 54 , 
gpm for hydraulic operating pressures up to 
1500 psi. 
Model WA “PAYLOADER”. 12 w ft Vickers Hydraulics have improved the perform- 
bucket and 1,000 Ib lifting copacity. ance of a wide variety of mobile equipment. It will 


GTi vist 


pay you to look into the possibilities of using the 
best hydraulic pump value on your equipment. Get 
in touch with the Vickers office nearest you or write 
for further information. 


CLEVELAND ® DETROIT®HOUSTON®LOS ANGELES (Metropolitan) © AUKEE 
DIVISION OF THE SPERRY CORPORATION NEW YORK (Metropolitan) © PHILADELPHIA © PITTSBURGH @ R ESTER 
ROCKFORD @ ST.LOUIS © SEATTLE @ TULSA @ WASHINGTON @ RCESTER 


ICKE R$ Incorporated Application Engineering Offices: ATLANTA ® CHICAGO e ae 
I 














1430 OAKMAN BLVD. e DETROIT 32, MICH. 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 


Vickers Hydraulic Power Steering is Effortless, Positive and Shockless 





Vickers Steering Booster provides hydraulic power in- 

stantly at the touch of the operator’s finger to meet any / This Series of Balanced Vane Type Pumps features 
steering requirement for better maneuverability of load- avtomatically controlled radial and axial clearances 
ers with heavy loads on steering axle. that maintain high efficiency over a very long life. 
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THIS 34 INCH DIAMETER CIRCLE 
SHOWS ACTUAL SIZE CROSS 
SECTION OF THE 3’ BORE 

O-M CYLINDER... 


PACK POWER 
IN 44 LESS 


O-M CYLINDERS 
SAVE SPACE PLUS 
MAINTENANCE AND 
ORIGINAL COST 


®@ O-M hydraulic, water, air cylinders save up to 
14 in space required because tie rods and bulky 
end caps are eliminated. Unique circumferential 
key locks honed steel tubing to compact end 
caps. That means more power in the space re- 
quired by conventional cylinders . . . or the same 
power in less space. 

Maintenance is simplified with disassembly 
and repacking only a matter of minutes. Ports 
may be oriented radially to an infinite number 
of positions. A full line of mounting brackets is 
available . . . interchangeable (bore for bore) on 
all O-M cylinders. That means lower first cost, 
smaller inventory. 

Bore sizes to 8” immediately available. Steel 
(no castings) and bearing bronze throughout. 
Write today for specifications. 


ORTMAN-MILLER JJ 


MACHINE CO., INC. 


1210 150th Street, Hammond, Indiana 















































Works Co., Boston, Mass. Production of the new 
product, which can be furnished in several variations 
including multiple button blocks, has begun at Couch’s 
North Quincy plant. 


+ 


The Kirk & Blum Mfg. Co., Cincinnati, O., manu- 
facturer of dust and fume control systems, industrial 
drying and baking ovens, sheet metal parts’ and -as- 
semblies, weldments, and electrical control boards and 
enclosures, has acquired the entire plant and property 
of the Cincinnati Planer Co. The plant, located at 
3120 Forrer St. in suburban Oakley, will be occupied 
by Kirk & Blum toward the end of the year. 

. 


Packard Motor Car Co., Detroit, Mich., has em- 
barked on a $1,000,000 plant improvement program 
to be completed by the end of the year. Topping 
the list of expenditures will be the erection of four 
test cells and a subzero laboratory room at the Pack- 
ard proving grounds, and the installation of new 
equipment in the powerhouse. 

J 


The United States Rubber Co. has begun work to 
reactivate the GR-S synthetic rubber plant at Port 
Neches, Tex., as requested by the Reconstruction 
Finance Corp. It is expected that the plant will be in 
operation in about three months. One of the first jobs 
will be to reassemble equipment which was dismantled 
and put into standby when the plant was closed after 
World War II. The Port Neches plant has a rated 
capacity of 60,000 tons with the possibility of increase 
to 75,000 tons if more production is needed. United 
States Rubber is operating a Government-owned syn- 
thetic plant at Naugatuck, Conn., with a capacity of 
30,000 tons, and also a plant at Borger, Tex., with a 
capacity of 45,000 tons. The company will continue 
to operate the Borger plant until Port Neches is fully 
reactivated, after which operation of Borger will be 
turned over to the Phillips Chemical Co. 


¢ 


Pitney-Bowes Inc., manufacturer of postage meters 
and mailing machines, is starting a $250,000 building 
expansion program that will add 36,000 sq ft of floor 
space to its plant and general offices at Stamford 
Conn. This marks the company’s second expansion in 
five years. The new construction will add an entire 
fourth floor to the administration building and extend 
the west wall of the plant to enlarge machine shop 


and assembly operations. 


Universal joints, as manufactured in the United 
States by the Mechanics Universal Joint Division of 
Borg-Warner Corp., will be produced soon by Repco 
Ltd., Melbourne, Australia. A new division of Repco— 
Repco Mechanics Proprietary—will be created and # 
new plant will be erected or leased in Melbourne. 

° 


Dudek and Bock Co. is planning the addition of tw0 
floors to its present 8,000-sq ft plant, 2100 West Ful 
ton St., Chicago, Ill. Added facilities will provide 


















means of handling the increased demand for coil 
springs, metal stampings and wire forms. 
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Smart design engineers 


- use WARNER ICB UNITS 
to solve problems of clutching, braking, 






dj -S — -_ a : 









@eiF YOUR PROBLEM 


is to design your machine or its activating parts so that 
to you get: (1) Push-button actuation at the machine or a 
remote control panel. (2) Fully or semi-automatic opera- 


TDR ei s 











ort tion in “stop” or “start” of machine cycles. (3) Con- a 
on trolled acceleration or deceleration. (4) Automatic or y 
in manual adjustment of torque to load . . . or if your prob- fs 
bs lem is to eliminate: (1) “Shock” from stop or start on * 
led gear trains and shafts. (2) Complex mechanical lever K 
linkage, or air and hydraulic piping systems. (3) Vibra- re 
ter tion and hammering from solenoid operated brakes and < 
ced clutches . . . or if you want to increase production from R 
ise your machine by increasing the speed and number of ip 
: - 8 ERO Be rene 
ted cycle operations — prcenne, olay Oat ab ag ll my ” eaietietied pact up Pei cadians coms 
better, faster operational control. Installation is simple, compact and readily at 
yn- accessible. = 
of 
| @A GOOD SOLUTION H 
ue to any one or combination of these problems is WARNER ; 
lly ICB Units. WARNER ICB Units are electrically, con- 
be trolled and operated clutches and brakes. They are com- = 
pact, mechanically simple and may be applied to machine 
spindles, drive shafts, or direct to electric motors. Because 
of their design, they may be operated individually or in | 
combination, manually or automatically, by direct or re- \ 
ers mote control, They provide for infinite controlled varia- 
ing tion of torque in either clutching or braking action within a 
Dr their rated capacities. Their action is smooth and shock- 
a less—fast and practically noiseless. They are self-adjusting 
» and self-compensating for life. Their design guarantees a 
im high rate of heat dissipation. From left to right: a Warner ICB Brake Unit, a Warner ICB Clutch Unit, and 
ire a combination Warner ICB Clutch and Brake Unit. Note clean, smooth, com- 
ind pact, appearance — simple mechanical parts. 


| @MORE INFORMATION 


on WARNER ICB Units and their application as clutches 
or brakes to various kinds of machinery is available. They 
ted may be used on continuous or intermittently operated ma- 
chines. There is a complete range of sizes to meet both 
braking and clutching torque needs. If you have a design 
problem such as indicated above, write today for our free 
bulletin No. 701. If possible, state your problem. Not 
only will you receive your bulletin copy, but experienced 
WARNER ICB engineers will be glad to consult with you 
without obligation. Write direct to WARNER ELECTRIC 
BRAKE MANUFACTURING COMPANY, Beloit, Wis. 


WARNER 


~18a 





WARNER ICB Units are manufactured by Warner Electric Brake Mfg. Co. 
— pioneers in the field of electric brake design and application since 1927. 


Bulletin 701 contains complete specifications and description 
of WARNER ICB Units. See for yourself how they offer ad- 
| vantages never before available on industrial clutches and 
brakes. Write for it today — no charge. a 
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| H= Sh... weve heard a fumor 
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HEE are some of the many 
“COMPO” AND “POWDIRON” 
Structural Parts produced byBOUND BROOK 


@ they’re all in production—not samples 

@ all physical properties actually meet Bound 
Brook claims 

@ dimensional tolerances are held 

@ and, there’s no mystery, black magic, or blue 
sky painting in our approach to parts 


“COMPO” —Porous Bronze 
“POWDIRON” —Sintered Iron 
also Copper, Brass and many other alloys 


CONSULT OUR ENGINEERS — 


they’ve solved many 
a structural part problem 


BOUND BROOK 
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| 
NOTEWORTHY 


ATENTS 


Avromatic ENGAGEMENT of a driven shaft 
with its driving sheave is controlled only by tension 
of the V-belt drive described in patent 2,491,464, 
granted to Lysle L. Hazen and assigned to Enter- 
prise Machine Parts Corp. Tightening the belt or 
belts causes the sheave sections to move apart against 
spring pressure, engaging jaws on a clutch plate at- 
tached to the input shaft. When belt tension is de- 
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creased, the jaws disengage, permitting the input 
shaft to run free of the sheave. Slip at a predeter- 
mined torque can be obtained by substituting fric- 
tion surfaces for the jaws between sheave and clutch 
plate. 


Constant CLEARANCE is maintained between 
the drum and friction surfaces of a hydraulic brake 
mechanism as described in patent 2,493,250, assigned 
to United States Rubber Co. by Henry H. Kerr. A 
tension coil spring tends to retract the brake shoes 
radially while U-shaped spring clips on the shoes op- 
pose movement of the shoes. Applying hydraulic pres- 
sure moves the shoes outward against spring tension 
and against the static frictional force of the friction 
clips. 

Releasing the hydraulic pressure permits the spring 
to retract the shoes until they contact the clips, a dis- 
tance equal to the desired shoe clearance. Since fric- 
tional force of the clips is greater than the radial ef- 
fect of the spring tension, the shoes can then contract 
no further. As the lining wears, the position of the 


MACHINE DESIGN—August, 1950 


























WIRES WON'T CHAFE as they pass 
through aircraft bulkheads when 
padded with Armstrong's DK-153. 


FOLDERS WON'T SLIDE down out of 
sight in file drawers that have been 
stripped with Armstrong's DK-153. 


QUIETER BUSES are made by apply- 
ing anti-squeak DK-153 Tape be- 
tween metal body panels and frame. 





VIDEO TUBES ARE PROTECTED from 
damage during shipment and in- 
stallation with Armstrong's DK-153. 


SQUEAKS ARE ELIMINATED in diesel 
locomotives and railway coaches 
with DK-153 Tape on rubbing parts. 
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RESILIENT, HIGH- 
FRICTION SURFACE 


4, 







PRESSURE-SENSITIVE 
ADHESIVE BACKING 






A quick way to stop 
squeaks and rattles 


Squeaks and rattles disappear when you strip Armstrong’s 
DK-153 Tape onto potential trouble spots. DK-153 Tape 
puts a resilient cushion of cork-and-sponged-rubber be- 
tween adjoining surfaces. It stops squeak-producing slip- 
page and absorbs vibration and rattles. Its pressure-sensi- 
tive adhesive sticks to any clean, dry surface. 

High surface friction combined with resilience and ease 
of application makes DK-153 also ideal for a variety of 
other jobs. It cushions fragile parts like glass video tubes; 
it keeps easily marred enamel surfaces from being scratched 
during shipment; it makes office equipment non-skid on 
polished desk tops. Normally supplied in convenient rolls, 
Armstrong’s DK-153 Tape is available also in shapes die- 
cut to your specifications. 


We'll be glad to send you free samples and further in- 
formation. Just write Armstrong Cork Company, 
Gaskets and Packings Dept., 5108 Arch Street, 
Lancaster, Pennsylvania. Available for export. 








DIALING IS EASIER an polished 
desks and counters when telephones 
are equipped with non-skid DK-153, 


ASSEMBLIES ARE SPEEDED by using 
die-cut pieces of Armstrong's DK-153 
Tape as anti-mar lamp base pads. 
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Occasionally engineering 

resourcefulness can spotlight an otherwise 
plain industrial product with a new and unusual use... 
such as the case of this Woven Wire Conveyor Belt installation 
in a duck brooder. 


















Newly hatched ducklings, it seems, have to be kept moving to 
be kept alive. Placed on this specially built woven wire belt 
moving at a slow rate of speed, the ducklings remain there for 
eight days . . . continually treadmilling away from the falling end 
of the belt. Mortality rate dropped to zero. By-product recovery 
. duck droppings for fertilizer . . . is aided by the open mesh 
of the woven wire belt. 
Even if you don’t operate a duck hatchery, call in a Cambridge 
engineer whenever you have a problem concerning the movement 
of materials or products during processing. Let him explain the 
superior construction features ae 


CAMBRIDGE Woven Wire Conveyor Belts 


This illustrated 130 page 
catalog—FREE—to men 
concerned with produc- 
tion control. WRITE 
TODAY. 


Cambridge Wire Cloth Co. 


Department N + Cambridge 8, Maryland 


NEW YORK « BALTIMORE « PITTSBURGH + SAN FRANCISCO 
BOSTON « DETROIT « CHICAGO «+ ST. LOUIS « HOUSTON 
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clips is automatically adjusted radially outward, as 
hydraulic pressure is applied, to maintain the clear- 
ance regardless of lining wear. 


Maeneric CONTROL of planetary gearing pro- 
vides two-speed operation of the transmission covered 
in patent 2,500,447. When the unit is driving at the 
one-to-one ratio, the coil is de-energized and a spring 
has moved a disk axially to lock the ring gear, on 
the input shaft, to sun and pinion gears, resulting 
in a direct drive through the mechanism. Actuating 
the magnetic coil unlocks the planetary train and 
holds the sun gear stationary through magnetic at- 
traction between the coil and a plate which engages 
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the sun gear. In reduced speed drive, power is 
transmitted from the ring gear through the planetary 
pinions, which run around the sun gear, to the pinion 
cage on the output shaft. The patent has been as- 
signed to Eaton Mfg. Co. by Fred Bitzer. 





Compléte printed copies of all patents are available 


from the Commissioner of Patents, Washington 25, © 


D. C., for 25 cents each. 
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Correct Timing Relationship 


@ To produce pretzels of the favored variety, American 
Machine and Foundry Company have perfected a machine 
that does the work mechanically. 


For this ingenious automatic machine, non-slip Diamond 
Roller Chain Drives are used from main line shaft to jack 
shafts and from these shafts to the rolling boards and extrud- 
ing mechanism which includes dough cut-off knives and 
friction clutch that drives the mechanical fingers. Exact 
timing relationship between the various mechanisms of 
the machine is maintained. 


Your machinery applications may be considerably differ- 
ent but we are sure Diamond Chains can serve you equally 
well DIAMOND CHAIN COMPANY, Inc., Dept. 435, 
402 Kentucky Avenue, Indianapolis 7, Indiana. 


Offices and Distributors in all principal cities. 
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SOCIETY 
ACTIVITIES 


of. sy) ay _ | The American Society of Mechanical Engineers 





| will conduct its 1950 Fall Meeting at the Hotel 
cool elp ke [LA 2) eC _ Sheraton, Worcester, Mass., Sept. 19-21. The Machine 


Design division has scheduled two sessions to be held 


Capture Sound P erf ectly . _ on Sept. 20. The following papers will be presented: 


“A Main Spring Dynamometer,” J. E. Hendricks, su- 
pervisor of the Watch Research Laboratory, Ham- 
ilton Watch Co., Lancaster, Pa. 

“The Design of Nonlinear Springs,” Stanley P. Clur- 
man, project engineer, special weapons eng., 
Sperry Gyroscope Co., Great Neck, Long Island, 
me ee 

“On the Design of Rotor Coil Support Rings,” James 
J. Ryan, professor of mechanical engineering, Uni- 
versity of Minnesota, Minneapolis, Minn. 

“Styling the Machine Tool,’’ Harold Sizer, assistant 
to director of design, and Frank Burgess, Brown 
& Sharpe Mfg. Co., Providence, R. I. 





Several papers to be presented under the auspices 
of other ASME divisions will also be of interest to 
design engineers. Tentatively planned inspection trips 

| include: General Electric Co., Crompton & Knowles 
Loom Works, Wyman-Gordon Co., Reed-Prentice 
Corp., Worcester Pressed Steel Co., Norton Co., Heald 
Machine Co., Bay State Abrasive Products Co., Tele- 
chron Inc., General Motors Corp., and Heywood-Wake- 
field Furniture Plant. 


; 














REVERE Camera Company, 
maker of famous REVERE 
8mm and 16mm movie 
equipment, features tone 
perfection and important 
mechanical advantages in 
the REVERE Magnetic 
Tape Recorder. A high 
quality FASCO motor 
assures quiet operation 
. eliminates sound 
distortions caused by 
variation in speed. 
Tape starts and 
stops quickly ... 
no reel coasting, no loss 
or slur of sound... fast rewind and forward 
speeds save time. All rea/ advantages . . . examples 
of efficient, practical FASCO motor performance, 

There’s a complete line of FASCO Fractional H.P. 
shaded pole motors from 1/500 to 4% H.P. to help you im- 
prove your product, or pack maximum efficiency and econ- 
omy into the design of your new one. 


In recognition of their eminence in technical work 
in engineering materials and for especially meritori- 
ous service to the organization over many years, the 
American Society for Testing Materials signally hon- 
ored six of its members by awarding them Certificates 
of Honorary Membership at its Annual Meeting in 
Atlantic City: 


Phaon H. Bates, retired, St. Petersburg, Fla. 

Wilson C. Hanna, chief chemist and chemical engineer, 
California Portland Cement Co. 

Dean Harvey, consultant on materials, Pittsburgh, Pa. 

Prevost Hubbard, retired, New York City, N. Y. 

Robert Job, retired, Montreal, Canada 

Henry S. Rawdon, retired, Washington, D. C. 





"Your comparison test, too, will prove FASC best” 
The men honored have had distinguished careers 


| 
LY, [Pel] Vf[2 for complete information on | in various fields, but have done particularly notable 
FASCO Fractional H. P. Motors. | work in various phases of ASTM work involving 

— 


> standardization and research. Presentation was made 










| by the Society’s President, James G. Morrow. 

| . 

| The Illinois Institute of Technology will be host to 
the first National Congress of Applied Mechanics, June 
11-16, 1951, in Chicago. Plans have been completed 


to hold a National congress every four years. Papers 
for presentation at the congress must be submitted 


INDUSTRIES, INC. 
ROCHESTER 2, NEW oe 
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BALL BEARINGS 

DLLER BEARINGS 

QD RUST BEARINGS AND 
me" BALL BEARING HOUSINGS 


Engineered to the Bearing Industry’s Highest Standards of Uniformity, Quality and Performance 














Self-Aligning ” Flange Unit 


AHLBERG BEARING COMPANY 


3025 WEST 47TH STREET, CHICAGO 32, ILLINOIS © DISTRIBUTORS IN ALL PRINCIPAL INDUSTRIAL AREAS 


PRECISION CRAFTSMEN SiNCE 1908 
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| Over 30,000 in- 
stallations ...han- 
dling nearly every 
conceivable type of 
material in practi- 
cally every industry 
—that’s the agres- 
sive materials han- 
dling record be- 
hind Cleveland 
Tramrail systems. 








Aetna double race 
type wheel bear- 
ing No. A-827 as 
used in Cleveland 
Tramrail Systems. 





Included among their sturdy components are hard 
working wheel bearings to meet the high load capac- 
ity, precision smoothness and long, trouble-free per- 
formance required in this application—bearings which 
Aetna has proudly supplied for over 14 years. 

Greater efficiency is an advantage which comes to 
any hard working equipment when Aetna bearings 
lend a hand. For money saving, problem solving coun- 
sel on your next bearing application, submit your 
prints to Aetna. No obligation, of course! 


AETNA BALL AND ROLLER BEARING COMPANY 


4600 SCHUBERT AVENUE + CHICAGO 39, ILLINOIS 
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before April 14, 1951, and should constitute original 
research in applied mechanics which includes kine- 
matics, dynamics, vibrations, waves, mechanical prop- 
erties of materials and failure; stress analysis elastic- 
ity, plasticity; fluid mechanics; and thermodynamics. 
Papers should not be longer than 5000 words. The 
following societies and universities are sponsoring the 
congress: American Institute of Chemical Engineers, 
American Society of Civil Engineers, American So- 
ciety of Mechanical Engineers, American Mathemat- 
ical Society, American Physical Society, Institute of 
Aeronautical Sciences, Society for Experimental 
Stress Analysis, U. S. National Committee on The- 
oretical and Applied Mechanics, Illinois Tech, Purdue 
University, Northwestern University, and the Univer- 
sity of Illinois. 
7 


At its Annual Meeting held recently at Hot Springs, 
Va., the Malleable Founders’ Society elected the fol- 
lowing officers: 


President 
Ralph T. Rycroft, vice president, Kencroft Malle- 
able Co. Inc. 


Vice President 
Cal C. Chambers, president, Texas Foundries Inc. 
Directors 
W. V. Tiscornia, executive vice president, Auto 
Specialties Mfg. Co. 
Max Traum, president, Newark Malleable Iron 
Works 
C. M. Lewis, president, Badger Malleable & Mfg. Co. 
Cal C. Chambers, president, Texas Foundries Inc. 


At the meeting of the directors, Lowell D. Ryan of 
Cleveland was renamed managing director and sec- 
retary and James H. Lansing of Cleveland was ap- 
pointed Technical and Research Director again. 

S 


J. Calvin Brown, owner of the Los Angeles firm 
bearing his name, has been nominated as the 1951 
president of The American Society of Mechanical En- 
gineers. Mr. Brown heads a slate of new ASME of- 
ficers including four regional vice presidents and two 
directors-at-large, submitted by the nominating com- 
mittee. Since only one name is presented for each 
office, nomination is tantamount to election. The en- 
tire slate shows: 


President 
J. Calvin Brown 
Regional Vice Presidents 
Henry Reginald Kesslar, manager, Republic Flow 
Meters Co. 
Stephen Dewey Moxley, vice president, American 
Cast Iron Pipe Co. 
Dr. John T. Rettaliata, dean of engineering, Illinois 
Institute of Technology 
Carl J. Eckhardt, professor of mechanical engineer- 
ing and superintendent of utilities, University 
of Texas 
Directors-at-Large 
Lionel J. Cucullu, assistant to chief engineer, New 
Orleans Public Service Inc. ; 
Harold E. Martin, district manager, The Babcock 
& Wilcox Co. 


Formal election will take place in the fall by letter 
ballot of the membership. 
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In this 65-ton Plymouth industrial switcher, as in other locomotives manufactured by Fate-Root-Heath, 
in the 12 to 70-ton class, you'll find Twin Disc Hydraulic Torque Converters ... fluid power to eliminate 
rough starts, to handle more cars per day, and handle them cheaper. 


S-m-o-o-t-h-l-y . . . s-m-o-o-t-h-l-y ... 
that’s the way powered equipment 
picks up under full load when the 
engine delivers its power through a 
Twin Disc Hydraulic Torque Con- 
verter. There’s no gear-shift guess- 
work: the Torque Converter offers an 
infinitely variable number of gear ra- 
tios automatically. Under starting or 
stall conditions, it multiplies engine 
torque as much as five times to increase 
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CLUTCHES ANO/HYDRAULIC DRIVES 
SS VX 
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tractive, hoisting, or other effort. 

On this 65-ton Flexomotive Plym- 
outh industrial locomotive a 16,000 
series Twin Disc Torque Converter 
was specified to assure smooth, unin- 
terrupted acceleration—output torque 
automatically adjusted to load require- 
ments—eliminating the use of heavier, 
more expensive diesel-electric units. 
A planetary transmission with high, 
low and reverse is coupled with the 
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Torque Converter to comprise the 
entire transmission. 

This smoothness, this automatic se- 
lection of the right gear ratios, means 
more work done, longer equipment 
life. That’s why more and more equip- 
ment manufacturers are switching to 
Twin Disc Hydraulic Torque Con- 
verters (Lysholm-Smith type) —avail- 
able in 40 to 1,000 hp capacities. 
Write today for Bulletin No. 135-C. 


Clutches & Hydraulic Drives 


BRANCHES: CLEVELAND + DALLAS + DETROIT + LOS ANGELES » NEWARK +» NEW ORLEANS + SEATTLE + TULSA 
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Purebon< 


solves 
many problems 


caused by sliding or rotat- 
ing parts which are difficult 
or impossible to lubricate 


A constantly increasing stream 
of problems are facing engineers 
and designers today involving 
sliding or rotating parts where 
lubrication is difficult or im- 
possible. For such applica- 
tions, Purebon, the mechanical 
carbon, is often the ideal 
answer. Typical applications 
are seal rings, bearings, 
pistons, piston rings, pump 
vanes, valve seats, meter discs, 
and a host of similar items. 
Purebon comes in a wide 
variety of grades. It is strong, 
tough, readily machineable and 
in many cases can be mold- 
ed directly to size. 














Bulletin No. 482 tells the 
complete story of Purebon. 
Write for your copy today. 


‘PURE CARBON CO., INC. 


446 HALL AVE. ST. MARYS, PA. 
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Crossed Helical Gears 


(Continued from Page 127) 


whence y = 59° 52’. From Equation 7 


2x4 
1+ y 3.7 


and so np, = 2 X 2.74 x cos 59° 52’ = 4.32 

Selecting values of n from the combinations quoted 
above as closely approximating the desired ratio, it 
is found that m = 14 gives p,, = 0.308 which is close 
to 10 diametral pitch. 

Accepting this and writing p, = 7/10 with n = 14 
in Equation 8, it is found that cos y = 0.51 or y = 
59° 20’. This applies for d = 2.74,n = 14 and N = 
52. Consequently, § — y = 15° 40’, sec (= — y) 
1.039, sec? (3 — y) = 1.12 and p,/z sec (3 — y) 
0.1039. From Equation 2, 


d= = 2.74 


il 


17 cos? 15° 40’ 
51 





D = 0.1039 [ 51 + ] = 5.325 


From Equation 3, 





[ 17 cos? 15° 40’ ] 
D = 0.1039 | 54 — - | = 5.58 
54 

Now, D = 2C — d = 5.26, which lies below the per- 
missible range. Hence d must be reduced by decreas- 
ing y. This will have the effect of raising the per- 
missible range but the effect will be negligible as the 
change in sec (75° — y) is much smaller than in 
sec y. 

Tentatively it may be assumed that D = 5.6 will 
lie within the revised range. From this d = 8 — 5.6 
= 2.4 and, from the left term of Equation 1 


14 T 
d = 2.4 = ——- X 


“ 





sec y 


or cos y = 0.583 whence y = 54° 20’, 3 — y 
20° 40’, sec (3 — yw) = 1.069 and sec® + — py) 
1.22. From Equation 2 





17 cos? 20° 40’ 
= 5.48 


D = 0.1069 [ 51 + 
51 = 
From Equation 3 


17 cos® 20° 40’ 
54 





D = 0.1069 | 54 oe ] = 5.74 
As D = 5.6 lies within these limits, these values may 
be accepted. 

The equivalent numbers of teeth are 14 sec? 54° 20’ 
— 69.3 and 52 sec* 20° 40’ = 63.4. Therefore, u = 
63.4/69.3 = 0.91 


The 52-tooth gear is No. 1 and its blank diameter is 
5.6 plus twice the addendum or 
5.6 + ~~ (14 — 0.4 X 0.91) = 5.807 
gq 10 


The blank diameter of the 14-tooth gear is 
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you can BE SURE.. te its 


Westinghouse 








Life-Line’s Space-miser compactness 
SAVES PRODUCTION COSTS 


This study in contrast shows how a Life-Line 
comes through in a pinch. For example: One 
manufacturer using conventional motors was 
forced to crowd two motors together. They did 
not quite fit, which meant removing a thin slice 
of cast iron from each motor frame. He’d been 
doing it for years ... thought nothing of it. 
Then, a designer saw the all-steel Life-Line. 
He tried it. Result? A step saved in manufactur- 
ing. Life-Line’s 14 smaller size, for the same frame 
size and hp rating, fit easily with room to spare, 
This compactness is a valuable asset when 
your design allows only limited space for the 
motor drive. (And saves money in reduction of 


shipping weight, too.) In addition, Life-Line 
“needs no further lubrication”. You can install 
it in “hard-to-get-at” locations—and forget it! 
These are but a few of the pluses a designer 
has with the Life-Line. Ask your Westinghouse 
representative for others. Ask him for a copy of 
B-3482, or write Westinghouse Electric Corpora- 
tion, P.O. Box 868, Pittsburgh 30, Pennsylvania. 
J-21576 








m= If you figure LIFE-COSTS you'll figure LIFE-LINE —— 
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R-B-M INDUSTRIAL 


CONTACTORS NOW/ 











Underwriters’ 
Approved. 600 Volts AC 


SIZE 
Non-Reversing 
2 to 4 Pole 2-3/4” w. x 3-5/8” h. x 3-5/16" d. 
5 to 8 Pole 5-9/16" w. x 3-5/8” h. x 3-5/16” d. 
Reversing 
2 to 4 Pole 5-9/16" w. x 3-5/8” h. x 3-5/16” d. 
Note: 10 and 15 ampere contactors have same mounting 
and overall dimensions. 


ACCESSIBILITY 


To replace contacts, it is not necessary to disassemble the 
complete contactor. Just remove the parts comprising the 
stationary and movable contacts. Contacts can be replaced 
without disturbing wiring. To change coil, remove magnet 
frame and coil assembly only. (See illustration below.) 


7 
FLEXIBILITY 
Using a screw driver only, you can easily change any pole 





from normally open to normally closed. No special parts 
required. 10 and 15 ampere parts are interchangeable. 


RELIABILITY 


Laboratory tests involving millions of operations, plus field 
service of thousands of R-B-M contactors on door operators, 
radio transmitters, packaging and weighing machinery, hoists, 
machine tools and many other industrial applications offer 
proof of dependable, trouble-free performance. 


ADVANCED DESIGN 


Melamine Insulation. Molded coil housing. Ilsco solderless 
connectors. 50/60 cycle magnet coils. Palladium silver con- 
tacts. Stainless steel self-contained 
contact springs. 






Where space is a factor, and 
accessibility a must—use 
R-B-M industrial contactors. 
Initial low cost plus depend- 
able performance will save 
you money. Write for Bulletin 
600 and price list on your 
company letterhead. 


ye. 


Dept. B-8, R-B-M DIVISION OF ESSEX WIRE CORP. 


R-B-M DIVISION | 
ESSEX WIRE CORP. 


Logansport, Indiana 
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2 7 
2.4 + ———— (0.6 + 0.4 X 0.91) = 2.593 
q 10 

If the full depth corresponding to the cutter used is, 
say, 0.225-inch and if backlash of 0.010-inch is de- 
sired, the actual cutting depth should be 0.225 + 0.25 
x cot 20° x 0.010 = 0.232-inch. Here 


1 
e=4- . ys [14 sec 54° 20’ + 52 sec 20° 40’] 


4 — 3.97 = 0.03-inch 


The addenda are 0.103 and 0.097-inch. 
Minimum face width of pinion, f, is given by Equa- 
tion 9 as 


f = 2.5 cot 20° x 





0.03 sec 54° 20’ | 


[ 0.103 sin 54° 20’ + 
tan 54° 20’ + tan 20° 40’ 


0.052 





= 6.875 | 0.084 + ] = 0.78-inch 


while minimum face width of gear, F, is obtained as 





0.03 sec 20° 40’ ] 


F = 2.5 cot 20° [ 0.108 sin 20° 40’ + 
1.77 


= 6.875 [0.037 + 0.018] = 0.38-inch 


CONTACT IN CROSSED HELICAL GEARS: In a pair of 
crossed helical gears, working at the center distance 
corresponding to Equation 1, (where e = 0) the 
points of contact always lie on two straight lines that 
intersect the common perpendicular to the shaft axes 
at a point that divides it in the ratio of the two terms 
on the left hand side of Equation 1. One straight 
line applies to one set of tooth flanks of each gear, 
and the other straight line to the other sets of flanks. 

If the working center distance is such that e is not 
zero, then the two straight-line paths of contact do 
not intersect the common perpendicular to the 
shaft axes, but lie in planes equidistant from it and 
parallel to the normal plane. Because the contact- 
paths have moved in opposite directions from the 
common perpendicular, the width of each gear has to 
be increased above the minimum that suffices for the 
condition e = 0, to cover the two contact-paths. 

In spur or helical gears on parallel shafts, a condi- 
tion in which e is not zero causes the teeth to have 
backlash if they are cut to standard full depth; in 
order to approximate the condition of no backlash the 
teeth must be cut to less than full depth. 

This does not apply to crossed helical gears on non- 
parallel shafts. Cutting to standard full depth pro- 
duces the same approximation to the no-backlash con- 
dition whatever the value of e. A variation of e from 
zero is not a reason for departing from full depth. 


MINIMUM CENTER DISTANCE: If crossed helical 
gears are designed on the basis of Equation 1, with n, 
N and p,, fixed, no value of y can bring C below a cer- 
tain minimum. This is determined in the case of = = 
90° by tan y = W (N/n) but is not so simply ex- 
pressed in other cases. 

On the basis of the method described here, the min- 
imum value of C for any given combination of n, N 
and p, is lower than by conventional design methods. 
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L. A. YOUNG SPRING & WIRE COMPANY 
USES STALWART-DEVELOPED RUBBER CORD 


Confronted with the need for a tough, durable, 
elastic cord to tie seat springs in one of their 
many automotive cushions, L. A. Young Spring 
& Wire Company engineers specified Stalwart 
Rubber for help. Stalwart’s chemists and engi- 
neers, despite the many difficult aspects to the 
problem, compounded a special rubber cord that 


incorporated all the desired characteristics. 


To date, millions of feet of this cord have been 
delivered and installed in automobile seat cush- 


ions without the rejection of a single foot. 


The development and production of this cord is 





tlow do you tie a 
* Spring - 









tries. Thousands of molded, extruded, punched, 
lathe-cut and die-cut parts are fabricated daily 
from natural and synthetic rubber stocks (includ- 
ing Silicone rubber) to meet individual as well 
as S.A.E. specifications. WRITE FOR CATALOG 
TODAY, and... 


Specify STALWART . . . For Quality Custom 
Rubber Parts! 





Stalwart Cord Meets These L. A. Young ERED, 


1. Tear Resistance . . . be- 
cause of possible fracture 


failure occurs prior to 
life expectancy of cushion. 





during fabrication. 


anoth | f Stalwart’ bility to suppl 2. Chemical Resistance . . . 
sar snaps <f Sees « Y PP'Y because cord is installed 
top quality rubber parts to meet exacting re- prior to special paint dip. 
quirements. Today, Stalwart is supplying custom withuinad quis gules 


parts to the automotive, aviation, refrigeration, drying process. 


4. Flex Resistance . . . to 
withstand flexing of 
springs under passenger. 

5. Age Resistance . . . be- 
cause of extreme re- 
placement difficulty _ if 


and original equipment manufacturing indus- 




















8180 NORTHFIELD ROAD ¢ BEDFORD, OHIO 
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3. Heat Resistance .. . to. 


. Low Permanent Set... 


to maintain ofiginal 
length during processing 
operations and function- 
al service life of seat. 


- Low Temperature Resist- 


ance ... so that cord re- 
mains flexible at —40° F. 
to meet world-wide tem- 
perature conditions. 


. Abrasion Resistance . 


to withstand contact with 
metal parts. 
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STUDS > | | 


Our 36 years of experience making high 
quality special bolts and studs, exclusively 





















for thousands of users, is at your service. 
When your fastner demands depart from the 
standard line of stock studs in size, shape, 
materials, finish or type of threading please 
call on us for assistance. 

Send your blueprints to A sussioiaay OF 
Beexe for precision 
bolting. 


‘Erie Bott & Nur Co. 


Erie, Pa. 




















REPRESENTATION IN PRINCIPAL CITIES 
STUDS + BOLTS «+ NUTS 
ALLOYS «+ STAINLESS «+ CARBON * BRONZE 














Milestones In Design 


(Concluded from Page 142) 


impressed on the wire in undulations, so to speak, 
of magnetisation, a kind of writing which is perma- 
nent, and faithfully records the articulations of the 
voice. When £ is put, now, in direct connection with 
a moderately strong battery and is made to pass once 
more over the wire the magnetic writing is obliterated 
under the influence of the constant magnetising 
force, which is great compared with the writing mag- 
netic forces.” 

And in describing his “Phonographic Newspaper” 
reading machine, Fig. 7, Poulsen said: 

“A long steel ribbon is stretched between two rolls 
which can rotate at considerable speed. The ribbon 
passes a series of electromagnets at a speed regulated 
according to circumstances. The electromagnet, £, 
inscribes words, music, etc.; the other electromagnets 
—‘the reading magnets’—reproduce the communica- 
tions in the telephone of each hearer; and, finally, 
the obliterating magnet, V, equalises the magnetic 
variations of the ribbon. As using does not weaken 
the writing, we are able to intercalate any number of 
reading magnets.” 

Wide use of the magnetic recorder invention was 
delayed until better wire, such as 18-8 stainless steel 
(which becomes highly magnetic when cold-worked) 
and more practical mechanical reeling arrangements 
were worked out by others in Europe, the United 
States and Japan. It was apparent from the begin- 
ning that here was an inherently simple way of mak- 
ing everlasting recordings of high fidelity and low 
bulk and cost, as much as one hour playing time now 
being recorded for each cubic inch of wire. 

Oberlin Smith not only anticipated the Poulsen 
Wire Recorder of 1900 but also the more recently 
developed paper-backed magnetic tape, first used by 
Pfleumer in the magnetophone in Hitler’s Germany. 
Both Edison and Smith suggested many lines of the 
phonographic invention that have not been followed, 
and which, in view of the tremendous size of the 
sound industry and the new electronic facilities now 
available, might well repay re-examination. 





Extrusions Solve Winding Problem 


High conductivity, soft annealed copper bar, 23,000 
ft of it, was required for use as magnet winding for 
the “Cosmotron” atom smasher at the Brookhavel 
National Laboratory, Associated Universities Inc. Two 
sizes of bars were needed, 2.182 x 0.75-inches and 
varying in length to 521% ft, and 1.875 x 0.75-inches 
in lengths to almost 48 ft. The problem consisted of 
getting a cooling-water hole, having an area of 0.0941- 
sq inch, through the bars within a 14-inch circle at 
the section’s center. The Buffalo Branch of the 
American Brass Co. successfully produced the Tre 
quired 150,000 Ib of these special sections on a 2500- 
ton extrusion press. 
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NEW RUBBER SPRING PROVIDES UNIQUE BENEFITS 


Used on new tractor seat, it eliminates slow-down from rider fatigue . . . increases production 






lis 
on 
ted 


ets 
ca- 
lly, 
tic 
cen 
of 


acon 


a 4 


vas 
teel 
ad) 

nts 
ited 
zin- 
ak- 
low 
10W 


GOOD-BYE TO “ROUGH RIDING.” As the 
tractor rides over rough ground, the seat’s rubber tor- 
sional springs twist and turn with each jolt, cushioning shock 
and leveling out the sharp rebound. Result: less fatigue for the 
farmer... greater working efficiency... more daily output 
from the tractor in the same amount of time! 
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THE PRINCIPLE OF THE THING. These stabilizing springs operate on SMOOTH SEAT FOR EVERYONE. A twist of this tie bolt and the seat 


000 





a torsional principle ... consist of a thick layer of carefully 
compounded rubber, sandwiched between metal plates. Springs 
were especially developed by U. S. Rubber engineers for the 
manufacturers of this revolutionary new seat. 


spring can be adjusted to provide the utmost comfort for the 
slimmest farm girl or the huskiest male. Another good example 
of the results obtained by manufacturers who bring their 
problems to U.S. Rubber’s engineering staff! 





Hundreds of different products, from baby carriages to railway 
cars, can be improved by the use of the new U. S. Rubber 
Torsional Spring. It may well be that your own product, 
whether on the market or in the design stage, can obtain with 
this spring the competitive advantage it requires for real suc- 
cess. The tractor seat above is only one instance of how this 
versatile development aided a manufacturer. Ask “U. S.” engi- 
neers to investigate its possibilities for your product. Write 


UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION + ROCKEFELLER CENTER, NEW YORK 20,N. Y. 






A PRODUCT OF 
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SPECIFY PARK E & gf 


TRIPLE-LOK 


THE J.1.C. 


TUBE FITTING 


@ 37° flare angle 
® Dryseal pipe threads 


@ has actually passed 
rigid AN-F-47 per- 
formance test as 
required by J.1.C. 
standards. Certified 
laboratory test re- 
port available. 


AADE BY THE WOR 
MANUFACTURER ¢ EAK PROOF TUBE FITTINGS 
@ precision-made to be leakproof under even the severest 


operating conditions. 


@ holds leakproof beyond tube bursting pressures. 


@ 3-piece design—remains leakproof after repeated reassembly. 


® accommodates full range of standard tube wall thicknesses. 


@ made in steel, stainless steel, also aluminum alloy. 


@ shape bodies machined from forgings, other 
parts from bar stock. 


@ stocked by distributors across the nation. 


® write for Parker “Industry Standard” Tube Fittings Catalog 203. 


THE PARKER APPLIANCE COMPANY 
17325 EUCLID AVENUE, CLEVELAND 12, OHIO 
5827 W. CENTURY BLVD., LOS ANGELES 43, CAL. 


The PARKER Appliance Company 
Cleveland 12, Ohio 


Please send my free copy of Tube Fittings 
Catalog 203 


Name 





Company 
Address 
Be eS 


TUBE FITTINGS 
VALVES: O-RINGS 


SALES AND SERVICE 


ECENTLY APPOINTED assist- 

ant sales manager for Ward 
Leonard Electric Co., Mount Vernon, 
N. Y., W. C. Schofield will assist 
Frank E. Beede, company sales man- 
ager. Upon graduation from the 
University of Maryland in 1930, Mr. 
Schofield completed the student 
course at Westinghouse Electric 
Corp., East Pittsburgh, Pa., and then 
served as Westinghouse sales engi- 
neer for the Washington, D. C., area 
for six years. In 1938 he established 
the Federal Engineering Co. in 
Washington, D. C., and was co-owner 
of this company until 1948. Since 
that time he has been directing sales 
in the industrial control division of 
Ward Leonard Electric Co. 


° 


Formerly manager of the Detroit 
office of the Lord Mfg. Co., Charles 
L. Freel has been made administra- 
tive assistant to general salés man- 
ager George E. Tubb. His headquar- 
ters will be in Erie, Pa., at the home 
office of the company. Everett C. 
Vallin has replaced Mr. Freel in De- 
troit as representative in the Michi- 
gan and northwestern Ohio territory. 


o 


John C. McLeod has been appointed 
manager of Rusco belting sales, Chi- 
cago branch, for the Russell Mfg. 
Co. He will handle the complete line 
of Rusco high-speed endless belts and 
transmission and conveyor belting for 
the Midwest territory. 


* 


Sales manager of the company’s 
materials handling division for the 
past ten years, John C. Mevius has 
been appointed to the post of sales 
manager of the hydraulic division 
of American Engineering Co., Phila- 
delphia. In addition to his new 
duties, he will continue to be re 
sponsible for materials handling sales 
and will be assisted in hydraulic sales 
by G. A. Fleck. 


SJ 


Several organizational changes if 
the mechanical goods sales division 
of Goodyear Tire and Rubber Co. 
were announced recently. R. C. Stein, 
who joined Goodyear in 1943, has 
been promoted to manager of molded 
goods sales at the St. Marys, O., plant. 
R. E. Chapman, who entered the me 
chanical goods organization in Chi- 
cago in 1937, was appointed manager 
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SPECIFIED FOR 
SPEEDDRILL: 


 bearings*:. 








brushes 








New Self-A-Line Gramix bearings, precision die-pressed 
from powdered metal, were made to exact specification 
to carry the load at five vital points in this powerful 
new Model 400 SpeedDrill a recent product of the 
SpeedWay Manufacturing Company of Cicero, Illinois. Unique design of the Gramix bearings enables 
them to maintain steady alignment of the drill shafts and to absorb the thrust load under hardest 
operating conditions. The self-lubricating features of Gramix eliminates need for regular oiling, 
and the great durability of these bearings makes for long life in any application. Teamed with 
Gramix in the SpeedDrill are two special USG carbon brushes which will furnish positive balance of 
brush pressure on the commutator at all drill speeds. 


nanan sees 


Send your prints to us —our engineers will be glad to make recommendations without obligation. 
Write for the new Gramix and USG Brush catalogs. 
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of hose sales, Akron, succeeding R, 
W. Sanborn, who is now representing 
the division in the Akron territory, 
Mr. Sanborn has been with the com- 
pany for thirty-four years. The com- 
pany has also announced the appoint- 
ment of C. A. Hulsemann as man- 
ager of the industrial brake sales de- 
partment, aviation products division. 
This new department was established 
to handle increasing demand for the 
revolutionary industrial disk brake, 
adapted in 1948 from the company’s 
airplane-type, single-disk brake for 
industrial use. 
+ 


The appointment of Robert E. 
Ward and Ralph D. Ferguson as 
manager and sales manager, respec- 
tively, of the foundry at the Eclipse- 
Pioneer division of Bendix Aviation 
Corp. was announced recently. Mr. 
Ward, previously director of metal- 
lurgy for Eclipse-Pioneer, has been 
with the division since 1938. Mr. 
Ferguson formerly was _ assistant 
manager of the foundry and has been 
with Eclipse-Pioneer since 1932. 


¢ 


Michiana Products Corp. of Michi- 
gan City, Ind., maker of alloy cast- 
ings and high temperature fans, has 
announced several additions to its 
sales force. H. B. Scott, previously 
with Calorizing Corp. as metallurgical 
engineer, is in charge of the south- 
ern Indiana area with headquarters 
at 310 Test Bldg., Monument Circle 
in Indianapolis; the Philadelphia area 
has been assigned to L. S. Johnson, 
637 West Sedgwich St.; and A. J. 
Popovich, formerly metallurgical en- 
gineer with Allis-Chalmers Mfg. Co., 
is now in charge of the northern In- 
diana territory with headquarters at 
the plant. 

+ 


According to a recent announce- 
ment, Mert M. York, who joined Allis- 
Chalmers Mfg. Co in 1939, has been 
named manager of the company’s 
Boston district office. 


+ 


Park Q. Wray, manager of the re- 
placement sales division of National 
Motor Bearing Co. Inc. since 1938, 
has been advanced to the company’s 
key sales post as director of sales 
for the company and its two subsidi- 
aries, Arrowhead Rubber Co. and Na- 
tional Seal Co. E. F. Riesing, vet 
eran sales executive of the automo 
tive parts division of Firestone Tire 
and Rubber Co., has been appointed 
sales manager of the industrial sales 
division, and Park Wray Jr., for some 
time in charge of the northern Cali- 
fornia sales territory of the replace 
ment division, has been promoted te 
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Commercial” Ball-Bearing Data...#8 of a Series | 
WE WILL BE GLAD TO SEND YOU COPIES OF ‘THE PREVIOUS ADVERTISEMENTS IN THIS SERIES. 
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. ° ° ° ° 2 -" - 
on Sary in certain applications. = | 
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re Where the operating conditions of these ™ undergo 
. . ° . —- ——— 
en applications are within the load and speed pis A 
fir. limits of Schatz “Commercial” Ball Bearings, oe I Bee * ” 
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bea 8 . _—_ at 7 0 % the cost very small sizes, the cost of precision bearings increases as the bore 4 
of precision bearings. decreases, due to the difficulty in maintaining close tolerances. The 
i The savings possible in such instances are cost of “Commercials” decreases in almost direct proportion to 
we illustrated in the graph at the right. the size. 
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its O Schatz “Commercial” Ball Bearings are 
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cal materials, inner ring, outer ring and ball ar- 
UNGROUND—FOR LIGHT LOAD, LOW- : . s 
th- rangement—make it possible to use a special 
ers SPEED OPERATION—the lowest-cost ball , 
, bearing where no standard type can fill the 
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rea requirements. Costly machining and assem- 
on, GROUND—2.17 TIMES THE RADIAL LOAD- _ bly time required for bushings or plain sleeve 
Bs CARRYING CAPACITY OF UNGROUND bearings is eliminated. 
, TYPE. Inner and outer races are ground to ‘ . 
ne 8 All Schatz “Commercial” Ball Bearings, 
In- superfine finish for smoother, faster opera- _. 
at . single or double row, can be equipped with 
tion and heavier loads. 
felt or labyrinth seals, flanged or plain out- 
SPECIAL BEARINGS—ENGINEERED TO SPE- side diameters, hardened or unhardened 
ice- CIFIC NEEDS—often at no greater cost than treads, set screws, Alemite fittings, extended 
= standard types. Various modifications—in inner ring and hexagonal bore. 
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struction and Characteristics of 
ae Low-Cost Ball Bearings.’ It tells 
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938, Bearings for various speed and 7 x ” 
y's load requirements, gives the 4 qe % | 
ales classifications of standard types 0 m m C1 l | a 
idi- for radial and thrust loads, and 
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ted too. It gives complete data for The Schatz Manufacturing Company 
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Titeflex All-Metal Flexible Tubing 


1525° F. 


Ibs. p.s.i. 


¥% Supplied with any style of fittings 


ditions 


Titeflex, Inc. 


TITEFLEX FILLS YOUR 


TUBING REQUIREMENTS TOA ... 


| ek te BF oy 


Constant Flexing 


If you use tubing to convey gases, liquids or semi-solids, chances 
are Titeflex can help you do it better, at less cost. There’s a type 
of Titeflex for almost every need—and all Titeflex is a//-metal, 
to last longer in any kind of service. Get the facts. Write for 
complete catalog. 


¥% Five metals—brass, bronze, stainless, monel, inconel 
% Types and sizes to withstand temperatures to 


% Types and sizes to withstand pressures to 6800 


% Stays flexible and stays tight under severe con- 


Newark 5, New Jersey 


T 





sales manager of the division. Park 
Q. Wray and Park Wray Jr. will 
have their offices at the company’s 
plant in Redwood City, but Mr. Reis- 
ing will headquarter in the Detroit 
office in order to be close to the 
company’s many industrial customers 
in the Chicago-Detroit-Cleveland area, 


+ 


With offices at 7-233 General Mo- 
tors Bldg., Detroit, R. R. Rolph has 
been made Detroit sales represen- 
tative of the Warner Gear division of 
Borg-Warner Corp. For many years 
Mr. Rolph was vice president in 
charge of automotive sales for the 
Mechanics Universal Joint division of 
Borg-Warner, with headquarters in 
Detroit, and since 1947 he served as 
sales manager of the Monroe Auto 
Equipment Co. 


¢ 


Eutectic Welding Alloys Corp., New 
York City, manufacturers of Eutectic 
Low Temperature Welding Alloys and 
fluxes, has made a series of field 
force promotions headed by the ap- 
pointment of Don Rasmussen as west- 
ern sales supervisor. Other advances 
announced were those of Herman 
Greif and Daniel Wetmore to re- 
gional managers; Hugh Hurley and 
Roy Waldrop to assistant regional 
managers; and Don Garrett, Lee 
Wade and Alex Frederick to district 
managers. These men will now super- 
vise the activities of the group of 
Eutectic district engineers in their 
various areas. 


> 


George Carleton Jr. has _ recently 
been made president of the Nice Ball 
Bearing Co., Philadelphia, succeed- 
ing W. H. Rossmassler, who has re- 
tired. Mr. Carleton was first em- 
ployed in the company’s sales de- 
partment in 1929 and since then 
has been successively advanced to 
the positions of sales manager, vice 


president, executive vice president 
and president. 
7 
Kennametal Inc., Latrobe, Pa. 


manufacturers of cemented carbide 
tools, has announced the appoint- 
ment of Thomas J. Kniff Jr. as rep- 
resentative in the New York office, 11 
West 42nd St., and Fred Moore as 
representative in the central district 
working out of the Detroit office at 
5531 Woodward Ave. 


a 


In a further step to extend its field” 
organization, the American Pulley Co. 
of Philadelphia has appointed Gerard 
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P. Weishaar as Eastern regional man- 
ager. He will have direct charge 
of district managers and representa 
tives in the New England, Rochester, 
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HORSEPOWER 


NOW & BASIC 
fans ENGINES 


| FROM WHICH TO CHOOSE 


In scores of industrial applications, 
Chrysler Industrial Engines are 
out-performing all other similarly 

rated engines. With less down time! 
With lower lifetime cost per hour. 
That comes from famed Chrysler 
engineering and high precision 
manufacturing. Yet thanks to 
Chrysler mass production econo- 
mies, you can buy Chrysler power 
for less money! 


If you use internal combustion 
power requiring 200 to 400 cubic 
inches piston displacement, get 
more for less! Phone your Chrysler 
Industrial Engine dealer or write. 
us. Industrial Engine Division, Chrysler 
Corporation, Detroit 31, Michigan, 


CHRYSLER 


Industrial Engines 
and Power Units 
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HORSEPOWER WITH A PEDIGREE 
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BIG ADVANTAGE in using Hannifin 

Cylinders is the way they last! Such 
performance is of prime importance in 
installations where shut-downs for 
repairs would cost far more than the 
repairs themselves. This is one reason 
why Hannifin Cylinders have long been 
the choice of builders of heavy duty 
production equipment and precision 
machine tools. 


STANDARDIZED FOR LOWER COST... 
QUICKER DELIVERY! — Hannifin Air Cyl- 


inders are offered in 10 standard sizes, 
from 1” to 12”, and 6 standard mount- 








Let Hannifin engineers help you get the BEST 
solution for your cylinder problems. See your 
local factory-trained Hannifin field represent- 
ative today. Ask for copies of the helpful 
bulletins illustrated here: 


@ Bulletin 110 (left) “HANNIFIN 
HYDRAULIC CYLINDERS.” 


@ Bulletin 210 (right) ‘“HANNIFIN 
PNEUMATIC CYLINDERS.” 


SEND FOR YOUR COPIES TODAY! 


ing styles. Hannifin Hydraulic Cylinders 
are offered in 12 standard sizes, from 
1” to 8", and 12 standard mounting 
styles. Any length stroke; single or 
double end rods; adjustable cushions 
for head end, rod end, or both. Many 
combination mountings available. 
Special cylinders built to meet any 
requirements. 


COMPLETE LINE! —You can save time and 
——- right from the start by checking 
with Hannifin on all of your hydraulic 
and pneumatic cylinder requirements. 
The Hannifin line is complete! 








HANNIFIN CORPORATION 


1115 S. Kilbourn Ave. 
AIR CYLINDERS e 
PNEUMATIC PRESSES e@ 


214 


HYDRAULIC CYLINDERS . 
HYDRAULIC RIVETERS e 


Chicago 24, Illinois 
HYDRAULIC PRESSES 
AIR CONTROL VALVES 








New York, Philadelphia, Charlotte, 
and Atlanta territories. In this new 
capacity, Mr. Weishaar’s operations 
will parallel those of Randolph Jack. 
son, who is Midwest regional man- 
ager, with headquarters at 332 South 
Michigan Ave., Chicago 4, Ill. At 
the same time, the company an- 
nounced the appointment of John T, 
Barron as manager of its power 
transmission division. His activities 
will be centered on the product and 
market development of American flat 
belt, V-belt, and  speed-reduction 
drives and other types of mechanical 
power transmission. 


+ 


Synthane Corp. of Oaks, Pa., lami- 
nator and fabricator of thermosetting 
plastics for industry, has appointed 
Gene Rankin as sales representative 
in the Kansas City area to succeed 
the late Ernest Bernard. Mr. Ran- 
kin, who had been Mr. Bernard’s as- 
sistant since 1946, will direct sales 
in Nebraska, Kansas, Colorado, west- 
ern Missouri and southwestern Iowa. 


° 


G. W. Fine has been named assist- 
ant sales manager of U. S. Stone- 
ware Co.’s plastic coatings division. 
Mr. Fine was associated with Sher- 
win Williams Co. for seven years, 
first as a laboratory technician and 
later as a member of the sales staff. 


¢ 


Previously service manager, Mil- 
lard S. May has been named sales 
manager for the Speer Carbon Co., 
St. Marys, Pa. At the same time serv- 
eral appointments were announced in 
the International Graphite and Elec- 
trode Corp., a Speer subsidiary. John 
W. Lohnes, formerly manager of sales 
for International Graphite, has been 
made vice president in charge of car- 
bon and graphite sales for both the 
parent company and International 
Graphite. Robert E. Rice, formerly 
assistant sales manager of Speer Car- 
bon, is now sales manager of Inter- 
national Graphite. William E. Har- 
vey who was plant manager for Inter- 
national Graphite at Niagara Falls, 
N. Y., has been appointed plant 
manager of all carbon and graphite 
plants of the Speer Carbon Co. and 
its subsidiaries. 

. 


The Federal Machine and Welder 
Co., Warren, O., manufacturers of 
Federal resistance welders and Warco 
mechanical presses, has announced 
that its New York office is now 
under the direction of Carl de Bout 
bon of Carbet Inc., 111 Broadway 
New York, N. Y. Federal was form- 
erly represented by the A. A. Probeck 
Co., in New York. 
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Appliances need good motors to give 
dependable service. Years of engi- 
neering and manufacturing experi- 
ence have put top quality into Delco 
appliance motors. 


But today, appliance manufacturers 
need even more than that. Fast 
changing markets often mean changes 


in motor specifications or delivery 
dates. Because Delco is organized 
to meet these requirements, manu- 
facturers get what they want—when 
they want it—changes included. 


That’s why more and more spec 
sheets carry the note, “DELCO PRE- 
FERRED.” Compact Delco Motors, 
designed to meet the specific torque 
and service requirements of the 
application, are built in sizes from 
yy H.P. up. 
v v Vv 


Why not get all the facts about 
Delco Motors? Contact the nearest 
office listed below— 











~ 
r 
am) 
> 
< 
— 
a 
© 





HEXAGONS, 





FLATS, 





Although perhaps best known for 
our special HY-TEN Alloy Steels, Wheelock, Lovejoy 
carries a full line of standard steels in stock for fast, 
dependable service from our warehouses. These stan- 
dard grades include: C-1117, A4615, E4617, A4620, 
A4140, A4142, A4145, A4150, A4340, etc. 


There are many advantages in using a single source 
for all your alloy steel needs, and Wheelock, Lovejoy 
offers these extra services — modern heat treating, 
testing and cutting, plus prompt delivery of blocks, 
rings, spindles and other forged shapes to your 
exact specifications. 

Call in your nearest Wheelock, Lovejoy metallur- 
gical expert—he represents a firm that is backed by 
over a century of experience in the use and applica- 
tion of fine steels. 


“NOILOINGOYd YOI SONIDYOS GNV S13I1TI9 


ROUNDS, SQUARES, 


WL steels are metallurgically constant. This guarantees 
uniformity of chemistry, grain size, hardenability —thus eli- 
minating costly changes in heat treating specifications. 

Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 


plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 


133 Sidney St., Cambridge 39, Mass. 
and Cleveland «+ Chicago ° Detroil 
Hillside, N. J. * Bulfale + Cincinnati 


I 
WHEELOCK, hee y 


1 OVI: (py: (0.. weeny Serrice 
y | 4 I \ ( ‘ CAMBRIDGE - CLEVELAND 


CHICAGO ~- HILLSIDE.N.J 
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OVER ONE HUNDRED YEARS OF CONTINUOUS SERVICE. 





DEITROTI BUFFALO 
CINCINNATI 


In Canada 
SANDERSON NEW HOLELD EPD VEONTRE AI 
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NOTES 


EWLY APPOINTED distributor 
in southern Wisconsin for the 
complete line of industrial rubber 
products manufactured by the United 
States Rubber Co. is the F. D. Haker 
Co., 713 South Tenth St., Milwaukee, 
Wis. Acquisition of the U. S. Rubber 
line will enable the Haker Co. to of- 
fer southern Wisconsin a complete 
sales and technical service for such 
products as power transmission belt- 
ing, elevator and conveyor belting, 
all types of industrial hose and pack- 
ing, grinding wheels, and many mold- 
ed rubber specialties. 
© 


Recent appointment of distributors 
stocking Blackmer Pump Co.’s entire 
product line and service parts was 
announced recently. Included are 
Blott-Robb Co., Transmission Ma- 
chinery Co. and Amco Corp., all in 
Chicago, H. O. Link Co. in Baltimore, 
Tri-State Equipment Co. in Kansas 
City, and Avels Sales and Engineer- 
ing Co. in Indianapolis. This newly 
instituted stocking service includes 
engineering assistance which will be 
expanded as rapidly as possible to 
all metropolitan industrial centers. 

* 


A recent announcement from Wol- 
verine Tube Division stated that 
henceforth all sales will be handled 
through the new divisional sales and 
advertising offices of the company at 
1850 Guardian Bldg., Detroit 26, Mich. 
Sales to wholesalers will continue to 
be handled by the Detroit plant sales 
department at 1411 Central Ave., De- 
troit 9, Mich. 

* 


The name of the Monmouth Prod- 
ucts division of the Cleveland Graph- 
ite Bronze Co. has been changed to 
the Replacement Sales division. This 
division thus becomes a part of 
Cleveland Graphite’s general sales 
division and will handle all markets 
in the replacement field, including 
NAPA sales, export sales and spe- 
cial markets. Raymond Z. Oswald, 
vice president of replacement sales, 
heads the replacement organization. 
J. E. Bradley has been named sales 
manager, distributor sales, with R. 7 
Wickersham assistant sales manager 
of distributor sales. A. M. Currier 
Jr., is sales manager, special mar 
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PERMITE ALUMINUM CASTINGS 


UsERs of Permite Aluminum Castings save on machining costs because all 
Permite Castings are made to close tolerances that reduce machining time. 


They save on production time because Permite Castings are always uniform 
in quality. Permite modern facilities and strict quality control result in castings 
that are right in dimensions, in strength, in ductility, in corrosion resistance — 
tight in every detail essential to the customer’s exact requirements. Whether your 
aluminum castings are made by the permanent mold, semi-permanent mold, sand 
cast, or die cast process, you can count on Permite Aluminum 
Castings for the qualities you expect. 








Ask for Permite recommendations and quotations on your 
castings requirements. 


Ask for 80-page Castings Manual... 


Authoritative, illustrated manual on the design, production 
and uses of aluminum castings. Includes casting alloys 


QE R M | T E tables. Sent free on ars to interested executives. 
ALUMINUM INDUSTRIES, INC. 


CINCINNATI! 25, OHIO 


ALUMINUM PERMANENT MOLO, SAND and DIE CASTINGS...HARDENED, GROUND ond FORGED STEEL PARTS 
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FAWICK CLUTCH AND BRAKE UNITS ARE 
ENGINEERED AND BUILT FOR TOP 
PERFORMANCE ON YOUR SPECIFIC JOB 


vy , these * “| 
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international Clay Machinery Co. 
Special Heavy-Duty Dry Press 
Equipped with Fawick 
20CB500 Clutch and 21.5E475 Brake 





When you choose Fawick clutches and brakes for your ma- 
chines, you know that every application is designed and built 
to meet your specific operating requirements. 

With Fawick on the job, you get the clutch and brake that 
does the work you want done. ° 

The simple rugged design and construction of Fawick 
units, plus the elimination of lubrication, mechanical linkage 
and adjustment, provide long maintenance-free life in heavy- 
duty service. 

These are some of the reasons why you can step up produc- 
tion and lower maintenance costs with Fawick. 







For specific information on all advan- 
tages of Fawick Industrial Clutch and 
Brake Units, call or write the Main 
Office, Cleveland, O., for Bulletin 300. 








Aig 








aN All desirable clutch characteristics are built into Fawick Airflex units 





kets, and W. M. Williams is now 
assistant to the vice president of re. 
placement sales. All were formerly 
associated with Monmouth Products 
Co., which was acquired last year 
by the Cleveland Graphite Bronze Co, 
The Replacement Sales division wil] 
merchandise its line of engine bear. 
ings, bushings, clutch parts and front 
wheel parts to the NAPA and export 
trade under the .established Mon. 
mouth brand name, as in the past, 
and headquarters of the division wil] 
continue in the former Monmouth 
plant at 6545 Carnegie Ave., Cleve. 
land, which is now the Carnegie 
plant of the Cleveland Graphite 
Bronze Co. 
° 


Opening of a direct sales office in 
the ASTE Bldg., 10700 Puritan Ave, 
Detroit, Mich., was announced re 
cently by the Taft-Peirce Manufac. 
turing Co. Raymond F. Jalbert, dis- 
trict manager of the Detroit terri- 
tory, has been assigned to the office, 
and he will be assisted by Richard 
Read, also of the Taft-Peirce sales 
force. 

+ 


The Cleveland office of the Robins 
Conveyors Division, Hewitt - Robins 
Inc., has moved from 215 Rockefeller 
Bldg. to 8905 Lake Ave. 


¢ 


With sales and engineering offices 
at 1125 Arbor Ave., Dayton, O., and 
3091 Mayfield Rd., Cleveland, in ad- 
dition to its main office at 45l 
West Market St., Akron, Kepler En- 
gineering Co. has been appointed ex- 
clusive representative for Hydro-Line 
Manufacturing Co.’s air and hydrau- 
lic cylinders in the state of Ohio and 
northern Kentucky. 


¢ 


Removal of its office and plant to 
Hawley Rd., Mundelein, Ill., has been 
announced by the Hubbell Corp, 
manufacturers of valves, controls 
and regulators. 

° 


Announced recently was the re 
organization of American Smelting 
and Refining Co.’s sales and distribu- 
tion plans for continuous-cast proé 
ucts of brass and bronze. These prod 
ucts were formerly distributed 
through Ampco Metal Inc., Milwau- 
kee, as general sales agent. Jol 
L. Kimberley has been named sale 
manager, Continuous-Cast Products 
and will direct the new program from 
the Perth Amboy plant. Ralph W. 
Bailey and John V. Hackett hav 
been appointed assistant sales mali 
agers. Donald S. Goebel, who har 
dled the Asarco continuous-cast alloys 
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ARIAL CONTACT 360° RADIAL CONTACT SHOCK ABSORPTION CONTROLLED TORQUE 
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@® New R & M Universal Motors are something 
you should know about. To inherent “serses’’ char- 
acteristics—high starting torque; high operating 
speed; adaptability to speed control—Robbins & 
Myers has added many improvements in perform- 
ance and appearance. 


BETTER, INSIDE AND OUT... From their dynamically 
balanced armatures to their rigid, welded-steel 
shells, nothing has been slighted. Commutation, 
brushes, bearings, insulation, and ventilation all 
represent progressive foresight, backed by long 
experience. 


YOUR CHOICE... In the range of 1/100 to % horse- 
power (covered by four frame sizes), there’s the 


HUB MOUNTING 


FLANGE MOUNTING 
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right motor for every “universal” service—sleeve 
or ball bearing; fixed rotation or reversible; open or 
totally enclosed; standard or special rating—and a 
welcome variety of housing types and end-heads. 


GET THE FACTS ON THESE BETTER MOTORS... For 


quality motors with a modern plus, call in Robbins 
& Myers. Literature on request. And, if you would 
like to have R & M sit-in on a discussion of power- 
ing improvements, that’s yours for the asking, too. 
R & M motors are good motors. Address Dept. E-80. 





ROBBINS & MYERS, INC. 


SPRINGFIELD 99, OHIO 
BRANTFORD, ONTARIO 
































































THE 523 RELIEF VALVE 


is compact in design, light in 
weight, neat in appearance, 
and can be easily and quickly 
installed. 


THE 267 CHECK VALVE 
is for use in air or oil at operat- 
ing pressures up to 1,500 p.s.i. 
itis of aluminum alloy construc- 
tion, and is designed especially 
for small space installations. 





THE 463 CHECK VALVE 
is for use in air, oil or water at 
operating pressures up to 
5,000 p.s.i. It is of brass and 
bronze construction, and is 
highly adaptable to heavy- 





No matter whether they’re employed to 
meet the exacting requirements of a 


maker of X-Ray equipment, or measure- 
up to the heavy-duty demands of a ma- 
chine tool builder — Electrol Relief and 
Check Valves provide precise pressure 
and flow control .. . 
together. 


and work quietly 


The Electrol Relief Valve is of poppet- 
type construction, which assures fast, ac- 


curate, squeal-free pressure control. It 
has a wide range of adjustment, and can 
be set to the desired position, easily and 
quickly, by turning a fine, screw-thread 
adjusting cap. 


Electrol Check Valves are designed to 


eliminate any possibility of excessive 


pressure drop, and are equipped with 
a patented O-ring check seat, which pro- 
vides a quick acting, positive check of 
reverse flow from 0 up to the maximum 
operating pressure. 


Let us supply you with further details, or 
—if you wish—have one of our engineers 
call at your convenience. 
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lectrol 


KINGSTON, NEW YORK 


FOR BETTER HYDRAULIC DEVICES 














when they were distributed by Amp- 
co Metal Inc., has joined American 
Smelting and Refining Co. and will 
make his headquarters at the Whit- 
ing, Ind., Plant. American Smelting 
representatives will handle the sales 
for 37 states in the eastern, midwest- 
ern, south and southwestern areas, 
with the western area being handled 
by Kingwell Bros. Ltd. of San Fran- 
cisco. 

* 


The Hartford Special Machinery 
Co., Hartford, Conn., has announced 
the appointment of the following 
representatives: Dayton & Bakewell, 
1939 Santa Fe Ave., Los Angeles, 
Calif., to handle swagers, die polish- 
ers and “Super-Spacers”; Hoffman & 
Heartt, 3005 South Grand Ave., Los 
Angeles 7, Calif., to handle automatic 
drilling. and tapping machines and 
the Hartford thread roller; Thomas 
Wallace, 711 Architects Bldg., 806 
West Fifth St., Los Angeles, Calif, 
and 320 Tenth St., San Francisco, 
Calif., to handle the Hartford “Su- 
per-Spacer” and sensitive drilling 
machines; and William Scheer Co., 
6376 Clayton Rd., St. Louis 17, Mo., 
to handle automatic drilling and tap- 
ping machines, thread roller, die 
polishers and sensitive drilling ma- 
chines. 

+ 


Recently appointed exclusive repre- 
sentative for the state of California 
for the United States Gasket Co. of 
Camden, N. J., W. S. Shamban & Co., 
process equipment sales engineers in 
Los Angeles, offers a complete line 
of gaskets and packing including 
Chemiseal Teflon products. 

. 


Plans for the construction of a 
new office and warehouse have just 
been announced by the Chicago Steel 
Service Co., middle west distributor 
of stainless and carbon steels, with 
headquarters in Chicago. The new 
building will be located at 45th St. 
and Kildare Ave. in the Crawford 
development of Chicago’s central 
manufacturing district. Plans call 
for the construction of a one-story, 
steel-frame structure with 120,000 
square feet of floor space, to be com- 
pleted in late fall. 

+ 


On July 1 the Washington, D. C. 
office of the New Departure Division 
of General Motors Corp. was discon- 
tinued. The territory previously cov- 
ered by the office will henceforth be 
served by the Philadelphia zone of- 
fice at 850 East Luzerne St., Phila- 
delphia 24, Pa. Harry A. Herold Jr. 
is manager of this office. 
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when they were distributed by Amp- 
co Metal Inc., has joined American 
Smelting and Refining Co. and will] 
make his headquarters at the Whit- 
ing, Ind., Plant. American Smelting 
representatives will handle the sales 
for 37 states in the eastern, midwest- 
ern, south and southwestern areas, 
with the western area being handled 
by Kingwell Bros. Ltd. of San Fran- 
cisco. 





¢ 


The Hartford Special Machinery 
Co., Hartford, Conn., has announced 
the appointment of the following 
representatives: Dayton & Bakewell, 
1939 Santa Fe Ave., Los Angeles, 
Calif., to handle swagers, die polish- 
ers and “Super-Spacers”; Hoffman & 
Heartt, 3005 South Grand Ave., Los 
Angeles 7, Calif., to handle automatic 
drilling. and tapping machines and 
the Hartford thread roller; Thomas 
Wallace, 711 Architects Bldg., 806 
West Fifth St., Los Angeles, Calif., 
and 320 Tenth St., San Francisco, 
Calif., to handle the Hartford “Su- 
per-Spacer” and sensitive drilling 





No matter whether they’re employed to 
meet the exacting requirements of a 





maker of X-Ray equipment, or measure- cndhinan ann 0 eons ail 
up to the heavy-duty demands of a ma- | 6376 Clayton Rd., St. Louis 17, Mo. 
chine tool builder — Electrol Relief and to handle automatic drilling ca ion 
THE 523 RELIEF VALVE Check Valves provide precise pressure sine wnnchinen theend selec, a 
is compact in design, light in and flow control . . . and work quietly polishers and sensitive drilling ma- 
weight, neat in appearance, together. die 
and can be easily and quickly . } 


installed. 


The Electrol Relief Valve is of poppet- 


type construction, which assures fast, ac- Recently appointed exclusive repre- 


tative for the state of California 
I-f re Tao 

agi hepa ge arate in ; for the United States Gasket Co. of 
SS GB WISE FENGS GF GUUSANSM, GRE Ce Camden, N. J., W. S. Shamban & Co., 





be set to the desired position, easily and process equipment sales engineers in 
quickly, by turning a fine, screw-thread Los Angeles, offers a complete line 
adjusting cap. of gaskets and packing including 
Chemiseal Teflon products. 
THE 267 CHECK VALVE Electrol Check Valves are designed to ° 


is for use in air or —_ operat- eliminate any possibility of excessive 
os otraaretagi tans pressure drop, and are equipped with 
tion, andisdesignedespecially © patented O-ring check seat, which pro- 
: ; : id ick acting, positive check of 
for small space installations. vices O Quich Octet . Service Co., middle west distributor 
reverse flow from 0 up to the maximum : » 
ti of stainless and carbon steels, with 
ee headquarters in Chicago. The new 


Let us supply you with further details, or building will be located at 45th St. 
| and Kildare Ave. in the Crawford 


—if you wish—have one of our engineers | ; 

call of vour convenience | development of Chicago’s_ central 
Y ; manufacturing district. Plans call 

| for the construction of a one-story, 


Plans for the construction of a 
new office and warehouse have just 
been announced by the Chicago Steel 








THE 463 CHECK VALVE | gsteel-frame structure with 120,000 
is for use in air, oil or water at square feet of floor space, to be com- 
operating pressures up to pleted in late fall. 







5,000 p.s.i. It is of brass and 


bronze construction, and is 


highly adaptable to heavy- | On July 1 the Washington, D. C. 
: ; office of the New Departure Division 


. 





° of General Motors Corp. was discon- 
K | 4 6 $ 10 N, NEW YO R 4 x | tinued. The territory previously cov- 
ered by the office will henceforth be 
served by the Philadelphia zone of- 
fice at 850 East Luzerne St., Phila- 
FOR BETTER HYDRAULIC DEVICES delphia 24, Pa. Harry A. Herold Jr. 
is manager of this office. 
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You'll get them with as. 
Bruning Whiteprinter ~.: 


Copy your drawings, records and 
reports fast with a Bruning 


Whiteprinter. It’s the fastest, cleanest, 


most economical way to copy. 
You merely place your original on 


a sheet of Bruning Whiteprint paper 
and insert both into the Whiteprinter.* 
Within seconds, out comes an exact, errorproof, 
smudgeproof copy — a crisp, easy-to-read, 


properly developed positive print! 


ns 
a 
NS 


NEED COPIES FAST ? 


NEEDS 


NO PLUMBING 


NOR 
UL UAYI 
DUCT 


You can make an unlimited quantity of prints — any size up 
to 54” wide by any length — in black-on-white or any of 
20 color combinations. They come out flat, dry, stacked. The last 


copy is as clean and sharp as the first. 


To install your Bruning Whiteprinter, you merely plug it in. 
It is mobile — requires no plumbing, no exhaust duct. 


Five models offer a complete range of capacities. Reduce your 
copying costs, get copies faster and eliminate copying errors — 


get a Bruning Whiteprinter! 


* lj your original is opaque, the Whiteprinter quickly copies 


it onto translucent stock from which you make 
Whiteprints as you want. 






RUNING 


PERFECT PRINTS... WITHIN SECONDS. . . 


HITEPRINTERS 


BW Paper, Film, & Cloth 
Drafting Machines 
Tracing Papers & Cloths 
Erasing Machines 
Drafting Room Furniture 
Drawing Instruments 
Drawing Materials 
Slide Rules 

Surveying Instruments 
Technical Books 


CHARLES BRUNING COMPANY, INC. 


100 Reade Street, New York 
naa tn ae ate at ants I SEND COUPON FOR BULLETIN 


Charles Bruning Company, Inc. 
100 Reade Street, New York, N. Y. 


Please send me: [] Free Booklet No. A-1056 describing the Bruning Whiteprint Process 


(] (Other Bruning product) 








Company 


____Position 






















Offices in Principal Cities 





WEETINGS 


AND EXPOSITIONS 


Sept. 18-22— 


American Society of Mechanical 
Engineers. Instruments and Regula- 
tors Division Conference to be held 
at the Municipal Auditorium, Buf- 
falo, N. Y. C. E. Davies, 29 West 
39th St., New York, N. Y., is secre- 
tary. 


Sept. 18-22— 


Instrument Society of America. 
The fifth national conference and ex- 
hibit to be held in the Memorial Au- 
ditorium, Buffalo, N. Y. Richard 
Rimbach, 1117 Wolfendale St., Pitts- 
burgh 12, Pa., is executive secretary. 


Sept. 19-21— 


American Society of Mechanical 
Engineers. Fall meeting to be held 
at the Hotel Sheraton, Worcester, 
Mass. C. E. Davies, 29 West 39th 
St., New York, N. Y., is secretary. 


Sept. 23-26— 

Packaging Machinery Manufactur- 
ers Institute. Eighteenth annual 
meeting to be held at the Homestead, 
Hot Springs, Va. Additional infor- 
mation may be obtained from So- 
ciety headquarters, 342 Madison Ave., 
New York 17, N. Y. 


Sept. 25-27— 

National Electronics Conference. 
Sixth annual conference and exhibi- 
tion to be held at the Edgewater 
Beach Hotel, Chicago, Ill. Additional 
information may be obtained from 
Kipling Adams, Chairman, National 
Electronics Conference Exhibit Com- 
mittee, 920 S. Michigan Ave., Chi- 
cago 5, Ill. 


Sept. 25-27— 

American Society of Mechanical 
Engineers. Petroleum mechanical en- 
gineering conference to be held at 
the Hotel Roosevelt, New Orleans, 
La. C. E. Davies, 29 West 39th St., 
New York, N. Y., is secretary. 


Sept. 26-29— 

Association of Iron and Steel En- 
gineers. Annual iron and steel ex- 
position to be held at the Cleveland 
Public Auditorium, Cleveland, Ohio. 
Additional information may be ob- 
tained from Society headquarters, 
1010 Empire Bldg., Pittsburgh 22, Pa. 


Oct. 12-13— 
Gray Iron Founders’ Society. The 
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ball bearings 
that just “get by” 
| or the best 
_ ball bearing “buy” 





Standard 


EXTRA-LIGHT 
9100 Series 
Compact, space-sav- 
ing, large bore, light 
cross section design. 





HIS CHART PROVES IT! You can specify the shaft size, 

speed, load, service conditions, space and weight limita- 
tions . . . and get the Fafnir Ball Bearing that meets those 
specifications exactly. No need to take less ball bearing or 
more than just what you need . .. because Fafnir makes them 
all... for all industries. 

You get something else, too, that makes Fafnir Ball Bear- 
ings a particularly good buy. It’s an attitude and an apti- 
tude, a way of looking at ball bearings from where you're 
sitting and an aptitude for doing just what you'd like done 
about it, gained from working with not just one or two 
industries but with all industries. 


Special Precision Super Precision 








LIGHT 
200 Series 


for loads relatively 
light in proportion to 
shaft capacity. 


MEDIUM 
300 Series 


for medium or aver- 
age loads and con- 
tinuous operation. 





300 SERIES 


Fafnir Radial Ball Bearings are available 
in standard shaft sizes in single and dou- 
ble row designs, in duplex arrangements 
of matched pairs (tandem, back-to-back 
and face-to-face), and with various ar- 
rangements of seals and shields. Fafnir 
also makes a complete line of ball and 
roller bearing power transmission units. 
Write for catalog. The Fafnir Bearing 
Company, New Britain, Conn, 
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another FIRST in 
McGILL precision bearings 


a 

vEW PRINCIPLE 
in 
roller bearing design 








Rollers cannot skew. A 
guide rail integral with 
the outer race maintains 
alignment of the grooved 
rollers, 


‘SUIDEROL on if 


The Bearing with the Self-Aligning Rollers — a simplified 
roller bearing construction that automatically corrects roller 
skewing — without space wasting cages! Perfect roller 
alignment with resulting superior performance is main- 
tained by this new principle of guided rollers. Even with 
reduced internal radial looseness a GUIDEROL bearing 
overcomes any tendency to bind under limited misalign- 
ment. Produced in needle and cylindrical type roller bear- 
ings. Write for information packed Bulletin today. 





































UNIVERSAL MOUNTING OPEN ENDS — SELF CLEANING GREATER ANGULAR RIGIDITY 









Greater Angular Rigidity 
is provided by longer 
rollers that permit race 
and roller contact virtu- 
ally to the outside edges 
of the races. 


Open Ends — Self clean- 
ing in applications per- 
mitting free circulation 
of oil or grease. Open 
faces set up flushing ac- 
tion inside the bearing. 


Universal Mounting — 
from horizontal to ver- 
tical is possible. No 
cocking of rollers on ver- 
tical shafts because the 
grooved rollers are lo- 
cated by guide rail. 








MSGILL 


eapeceeconoeoeoe@ eee ee 


Write for your copy of the new 
GUIDEROL Bearing Bulletin No. 
GR-50. Address: McGill Manu- 
facturing Co., Inc., Bearing Divi- 
sion, 200 N. Lafayette Street, 
Valparaiso, Indiana. 
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nati, Ohio. 
tional City Bldg., Cleveland 14, Ohio, 
is executive vice president. 






Oct. 16-18— 

Society of Automotive Engineers, 
Transportation meeting to be held at 
the Statler Hotel, New York, N. y, 
John A. C. Warner, 29 West 39th 
St., New York 18, N. Y., is secretary 
and general manager. 


Oct. 16-20— 

National Safety Council. The thir- 
ty-eighth congress and exposition of 
the National Safety Council will be 
held at the Stevens, Congress and 
Morrison Hotels. Additional infor- 
mation may be obtained from R. L, 
Forney, General Secretary, 425 N, 
Michigan Ave., Chicago 11, Ill. 


Oct. 18-19— 

National Conference on Industrial 
Hydraulics. Sixth annual meeting to 
be held at the Sherman Hotel, Chi- 
cago, Ill., under the sponsorship of 
the Illinois Institute of Technology 
and local sections of ASCE, ASME, 
SAE, Western Society of Engineers, 
ASLE, AIChE and IAS. Frank W. 
Edwards, Illinois Institute of Tech- 
nology, 3300 South Federal St., Chi- 
cago 16, Ill., is conference secretary. 


Oct. 18-20— 

Society of the Plastics Industry. 
Annual national conference to be held 
at New Ocean House, Swampscott, 
Mass. William T. Cruse, 295 Madison 
Ave., New York 17, N. Y., is execu- 
tive vice president. 


Oct. 23-25— 

American Gear Manufacturers As- 
sociation. Semi-annual meeting to be 
held at the Edgewater Beach Hotel, 
Chicago, Ill. Newbold C. Goin, Em- 
pire Bldg., Pittsburgh, Pa., is execu- 
tive secretary. 


Oct. 23-27— 

American Institute of Electrical 
Engineers. Fall meeting to be held 
at the Skirvin Hotel, Oklahoma City, 
Oklahoma. H. H. Henline, 33 West 
39th St., New York 18, N. Y., is sec- 
retary. 


Oct. 23-27— 

National Metal Congress and Ex- 
position. The 32nd annual metal con- 
gress and expdsition to be held at the 
Chicago International Amphitheatre, 
Chicago, Ill. W. H. Eisenman, 7301 
Euclid Ave., Cleveland, Ohio, is mal- 
aging director of the exposition. 
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22nd annual meeting to be held at 
the Netherland-Plaza Hotel, Cincip. 
R. L. Collier, 210 Na. 
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PROTECT MACHINE 


MAXITORQ 


pao 


AND PRODUCT WITH 





OVERLOAD RELEASE 


When an accidental overload occurs on some 
types of today’s high speed automatic machinery 
... packaging, can and bottle labeling machines, 
for instance .. . confusion reigns. Bottles may 
be broken and jammed, labels spoiled, machine 
mechanisms damaged ... perhaps operator 
injured. And expensive down-time bites into 
profits. 


But... not if your power transmission is pro- 
tected by the Maxitorq automatic Overload 
Release Clutch. When overload is a heavy 
shock or is substantially greater than normal 
driving load, the clutch instantly and automa- 
tically releases. When jammed condition is 
cleared, the clutch is re-engaged and operation 
continues. A simple finger-tip adjustment sets 
the clutch to transmit the normal running load. 


OVERLOAD RELEASE TYPE CUPS are the 
means for connecting the clutch to the driven 
or driving member. Hub, Ring, Flange or 


CLUTCH 


Cut-off Coupling types’ are available to suit 
specific conditions. 


Maxitory “Floating discs” actually ride free in 
neutral . . . preventing drag, abrasion and heat. 
There are 6 standard clutch sizes with capacities 
from % to 5 H.P. at 100 r.p.m. Types are wet or 
dry, single or double, the latter on special order. 


The Overload Release Clutch does have definite 
limitations . . . it must be properly applied for 
maximum effect. Maxitorq engineers, experi- 
enced in its varied applications, will gladly 
provide practical recommendations. Complete 
specifications on request. 


Send for NEW Bulletin No. MD 8 










THE CARLYLE JOHNSON MACHINE COMPANY 






MANCHESTER 
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puts a materials testing 
laboratory right at your fingertips. 


A bowling ball is made to specifications that are tough! Tougher 
than most machine parts. 


It takes hard knocks with a bounce, and at the same time retains 
its perfect balance and smooth finish. 

In the heat of a game it is subjected to corrosive perspiration, 
floor wax, water, chalk, and even cleaning detergents. Yet a 
genuine Ace Hard Rubber Bowling Ball remains faithful to its 
owner for years. 

That’s because it’s made of tough Ace Hard Rubber, with tensile 
strength of 9,000 psi, flexural strength of 11,500 psi. And it’s the 
same impervious material that’s used for piping acids. 

It’s a good example of fabricating, too, with amazingly close 
tolerances on weight and diameter. It starts as a molding. Then 
it’s ground and polished to give that smooth, satiny feel. Finally 
the finger holes are machine cut. 

Yes, it shows some of the reasons why Ace Hard Rubber is pre- 
ferred for thousands of parts for machines, appliances, automo- 
biles, furniture, etc. Chances are it’s best for some 
of your parts, too. Why not give it a whirl? 








Send for free 60-page Ace Handbook 
-—a gold mine of helpful data 


















OPA ince HARD RUBBER COMPANY 


MERCER STREET 








11 © NEW YORK 13, N. Y. 
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ABSTRACTS 






Electric Induction Drives 












































HE electric induction coupling 

lends itself to extremely fine con- 
trol in smoothness of pickup, control 
of torque, and control of output 
speed. 

Mechanical and electrical engineers 
are continually faced with problems 
of transmitting rotating power in all 
branches of industry where it is 
necessary to control either the speed 
or the torque transmitted. The pre- 
vailing power supply of the country 
consists of alternating current of 
fixed frequency, which means that 
motors driven thereby run at cor- 
responding speeds. A number of 
methods for obtaining speed control 
are in use today, and all have certain 
features to recommend them as well 
as certain disadvantages. An easily 
and commonly understood method of 
varying speed is by means of a con- 
stant speed dc generator feeding 
current to an adjustable speed dc 
motor. For many years this was 
practically the only method common- 
ly used, and under this condition the 
question of efficiency in connection 
with such a system is seldom con- 
sidered. 

When new methods are proposed, 
as the electric induction drive, the 
question of efficiency is invariably 
encountered, particularly because 
economic factors are always of great 
importance. Efficiency of the elec- 
tric industion drive is about on a par 
with other systems attaining the 
same end. 

Any device which transmits power 
from one rotating shaft to another 
where there is a loss of speed be- 
tween input and output shafts will 
generate heat in proportion ‘0 
torque transmitted, and the differ- 
ence in speed between the two shafts. 

For the purpose of discussion, let 
us assume that the input shaft de- 
livers 100 hp to the driving member 
at any desired speed. Assume that 
the requirements of the driven mem- 
ber for speed are such that the re- 
duction will be 25 per cent below the 
input speed. The heat loss between 
the driving and driven member will 
be 25 per cent of the horsepower oF 
25 hp. In the case of the Dynamatic 
induction drive, this loss is nearly 
all represented by heat generated in 
the inductor member; therefore, this 
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V LONGER BEARING LIFE 


-MOGUL 


V HIGHER PERFORMANCE STANDARDS 


linlehed COPPER ALLOYS 


Investigate the advantages of superior 
bearing performance available through 
our exclusive method of sintering cop- 
per lead alloys. 


In this process each tiny particle of 
powder is a true alloy of the desired 
proportions of copper and lead. In 





the finished bearing this process has 
created a known and controlled grain 
structure, of exceptional purity, with 
excellent lead distribution and with no 
segregation. Its ductility and strength 
are superior to cast materials of com- 
parable analyses. 


A request on your letterhead will bring 
a copy of our illustrated technical bulle- 
tin describing the development of this 
improved alloy made possible through 
powder metallurgy. We believe you will 
find it a worthwhile addition to your 
reference file. 


FEDERAL-MOGUL CORPORATION, 11045 Shoemaker, DETROIT 13, MICH. 
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Over 50 Years of Continuous Bearing Experience 


ROPER==PUMP 












Pressures fo- 
300 P.S.I. 

Capacities - 
1-300 G.P.M. 


INTEGRAL PART OF THE 


PEABODY 


AUTOMATIC BURNER 
* 


Here is what a Peabody 
catalog says about the Roper 
“Quiet, Slow Speed Operation — The 


pump used in the Peabody Auto- 
matic Burner operates at relatively 


low speeds. As a result, excessive noise and 
Operating maintenance usually associated 
with high-speed pumps is entirely elimi- 
nated, as well as excessive maintenance 
costs from worn out parts.” 






QUIET, DEPENDABLE OPERATION ...4-PORT DESIGN 


Bunker “C” oil or heavy fuels used in industrial burners must 
be supplied at the exact pressure and exact viscosity to get max- 
imum burner efficiency. That is one of the many reasons why 
Peabody installs the Roper Series F Pump as original equip- 


ment on their units. 


This smooth-operating, dependable pump is easily installed in 


this and similar applications. 


Saves work, time, labor costs. 


Four-port design makes this possible. This offers eight optional 
piping arrangements — 4 for CW and 4 for CCW rotation. 
If you require a pump in sizes 1-300 G.P.M., pressures up to 
300 P.S.I. with parts and construction features that are service- 
proved for long-life, investigate the Roper Series F. Standard 


fitted and special fitted models to suit specific needs. 
Send For Literature Today 
GEO. D. ROPER CORP. 


248 Blackhawk Park Ave. 
ROCKFORD, ILLINOIS 


DEPENDABILITY SINCE 1857 













| 
| 
| 
| 
| 
| 








member must be adequately fitted 
with radiating surface sufficient to 
dissipate that amount of power in 
heat. Two methods are used. Air 
cooling is employed, requiring ex- 
tended surfaces from the inductor 
drum in the form of fins made of 
either steel, copper, or aluminum, 
Liquid cooling is easily accomplished 
with either oil or water flowing 
across the inductor to remove the 
heat generated by the speed reduc- 
tion represented by slip. Where oil 
cooling is used, heat exchangers are 
required to remove the heat from the 
oil. In many cases water cooling 
requires so little water that it is 
most economical to let the water be 
wasted. 


Serves Also As Brake 

It is obvious that this type of 
power transmitter can also be used 
as a power absorber such as a brake, 
If one member is held stationary and 
the other rotated, it is obvious that 
the torque delivered between the two 
members is used to brake the re- 
volving member. 

Torque delivered by the drive is a 
function of the total magnetic flux 
and the rate of slip between the sur- 
faces of the field and the inductor 
drum. When there is no difference in 
speed between the two members, no 
torque is generated as there is obvi- 
ously no movement of flux lines 
through the inductor drum. As the 
relative speed between the two mem- 
bers increases from Zero, the torque 
developed increases with extreme 
rapidity until the maximum is ob- 
tained, after which the torque levels 
off and increased slip makes no ap- 
preciable change. 

Speed control is accomplished in 
various ways, but the most common 
is that of controlling excitation to 
the magnetized member of the 
coupling through the medium of elec- 
tronic tubes. An ac current supply 
is fed to a small power pack com- 
prising grid-controlled rectifier tubes. 
The grid of the control tube is caused 
to add or subtract current to the 
magnetizing coil with a slight vati- 
ation in speed of the output shaft of 
the coupling. A small permanent 
magnet ac generator attached to the 
output shaft of the coupling delivers 
the signal to the electronic tubes for 
controlling the speed. A small simple 
rheostat, placed at the operator's 
station or on the electronic control 
panel, adjusts the governing volt- 
age. Speed of the output shaft is 
held to within relatively few revolit 
tions per minute of the selected speed 
over a large power variation. 

Where it is desirable to manually 
control the speed, a simple rheostat 
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WHICH TUBE WOULD YOU CHOOSE? 


These photomicrographs show the transverse sections 
of three brands of capillary tubing. 


Magnification—75X show 
ing the rough bore of sunk 
081" O.D. x .031” I.D 


tubing. 
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Magnification—75X of 
oat Oe «2 O3T" 1D 
showing that an attempt 
was made to smooth the 
bore by plugging. Over- 
laps indicate sinking oper 
ations previous to final 


draw 


Magnification—7 5X proves 
the smooth bore of plug 
drawn Wolverine Capi 
lator* Tubing. The size 
081’ O.D. x .031" 1.D 





All these reproductions were made from unretouched photomicro- 

graphs. While capillary tube was used as an example, bear in 

mind that this small sized tube was drawn from the same base size 

(3” O.D.) used to produce all other sizes of Wolverine tube. Thus 

o evidence of quality applies to ALL Wolverine tube, regardless 
size, 


Which tube would you choose? Of course, you’d choose the tube 
vhich would allow the smoothest flow of liquid or gas—and, in 
the long run, give you the most economical service. You'd choose 
dependable Wolverine tube. 


*Reg. U.S. Patent Office 


They tell their own stories and prove the truth of our 
statement that ‘There IS a difference in tubing.” 


Magnification 
the same tubing 
ing more clearly the ex 


treme roughness of the 


better story o 
defect due fe 


sinking operations 


Let us send you literature telling about the use of tubing in your 
own applications. 


WOLVERINE TUBE DIVISION 


Calumet & Hecla Consolidated Copper Company 
INCORPORATED 
MANUFACTURERS OF SEAMLESS, NON-FERROUS TUBING 
1433 CENTRAL AVE. * DETROIT 9, MICHIGAN 


PLANTS IN DETROIT AND DECATUR, ALA. 
Sales Offices in Principal Cities 
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This Birdsboro Blooming Mill illus- 
trates how LORD Mountings effect 
economies in machine design, and 
how they protect working parts against 
damage from shock loads. Steel ingots 
and slabs are manipulated on the table 
at left of mill. They drop several 
inches during turning and rolling op- 
erations, creating heavy shock loads 
on table rollers and bearings. 

By incorporating LORD Industrial 
Shockmounts into the design, Birds- 
boro engineers were able to greatly 
increase the capacity of an existing 
table design with a moderate increase 
in cost, where otherwise a very heavy 
table at considerable additional cost 
would be required. A faster acting 
table was obtained . . . bearing and 
roller stresses were reduced . ... service 
life was lengthened . . . maintenance 
was lowered. 

LORD Mountings improve product 
performance . . . make machines oper- 
ate smoothly and quietly . . . add sales 
appeal and customer satisfaction . . . 
often reduce manufacturing and assem- 
bly costs. Designers should investigate 
the advantage of LORD Mountings 
for both heavy and light equipment. 
For further information—or for as- 
sistance in selecting and applying 
LORD Mountings—write to attention 
of Product and Sales Engineering 
Department. 
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Vibration-Control Mountings 
... Bonded-Rubber Parts 
























is used in connection with a supply 
of direct current to the magnetizing 
coil, 

Where torque is required to be con- 
trolled rather than speed, the same 
type of electronic system for ex. 
citation described in the foregoing 
is used. Instead of the speed control 
signal being derived from rotation 
of the output shaft, the signal for 
controlling torque is obtained from a 
small current transformer introduced 
into the supply line to the ac motor 
driving the coupling. For torque 
control of couplings, not connected 
with electric motors, various means 
are used including a torque respon- 
Sive reactor affected by torque at 
either the input or output member of 
the coupling. Control of torque can 
also be had manually by varying the 
direct excitation by a rheostat. 

The ability of this type of drive to 
control speed, to act as a power dis- 
connect, and to absorb torsional vi- 
brations makes it ideal for an unend- 
ing list of applications. 

The inductor principle together 
with the close control available solved 
many engineering problems in the 
development of all types of engines 
during and since the war. High speed 
turbines for jet propulsion engines 
can be tested by directly connecting 
them to this type of dynamometer. 

Greater in importance to industry, 
however, is the application of 
couplings for industrial use. They 
are used on heavy-duty power shovels 
for operating the shovel and auxil- 
iary movements, and are also used 
on a great number of hoisting ap- 
paratus and cranes. From a paper 
by Martin P, Winther, vice president, 
Eaton Manufacturing Co., at the 
Spring Meeting of the ASME, April, 
1950, in Washington. 


















Engineer's Role in 
Community Affairs 


NN the present complex and con- 

stantly changing national and 
world order there can be no excusé 
for any individual’s failing to carly 
a reasonable share of the total com- 
munity load. This is especially true 
of professional men and women, those 
upon whom the best we have in edll- 
cation has been lavished. This “com- 
munity load” does not consist entirely 
of what we too frequently deride %& 
politics. Indeed, the bulk of it has 
either nothing at all to do with 
politics, or at best is indirectly Te 
lated to politics. I have in mind all 
those myriad enterprises in which 
people come together to accomplish 
purposes for mutual and _ publit 
benefits as contrasted with strictly 
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1600—Man worked hard for his pay in 
7 these days. Crude machines like this 
began to lighten his load by replacing la- 
borious handwork with foot power. But 
progress was really only beginning. 


1875—By accident, 
that if two direct current dynamos 
were connected together, one would serve 


it was discovered 


1900—Result: Electrical horsepower re- 
placed foot power! By 1915, Howell 
“Red Band” Electric Motors arrived. Soon, 


as a generator and drive the other as a these rugged, industrial type motors were 


motor. 


Electrical horsepower was here! 


widely accepted in many industries. 


NOW...A PUNCH PRESS WITH A PUNCH! 
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4 Today—Electrical horsepower does 
the work! For example, this huge, 
modern, heavy-duty punch press, pow- 
ered by a 75 H.P. Howell Motor, can 
exert a pressure of over 800 tons! Back- 
breaking labor is gone, costs are cut, 
time is saved and output increased! 


That Howell Motors were selected for 
this and other important jobs in indus- 
try is a tribute to the quality and per- 
formance of Howell products. 


It shows that Howell’s firsthand expe- 
rience in the design, manufacture and 
application of precision-built industrial 
type motors can prove invaluable to you. 


Consult Howell before you buy elec- 
tric motors! 


Equipment courtesy E. W. Bliss Co., Toledo. 


Free enterprise encourages mass production, supplies more jobs—provides more goods for more people at less cost. 





Howell Type F Punch Press Motor 
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HOWELL ELECTRIC MOTORS CO., HOWELL, 


HOWELL MOTORS 


MICH. 


Precision-built Industrial Motors Since 1915 


OwWELL 
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Red Band 


MOTORS 
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LINEAR MOTIONS 





THE COMMERCIAL GRADE 
SERIES B 


Sliding linear motions are nearly always troublesome. 
Thousands of progressive engineers have solved this 
problem by application of the Precision Series A Ball 
Bushing. 

The low-cost Commercial Grade Series B bearing is 
now added to the Ball Bushing line and offered to 
Original equipment manufacturers. This ball bearing 
has been developed for support of linear motions in 
competitively priced, volume produced products where 

super precision is not essential. Alert designers can 
now make tremendous improvements in their products 
by using Ball Bushings on guide rods, reciprocating 
shafts, push-pull actions, or for support of any me- 
chanism that is moved or shifted in a straight line. 
Competition is returning. Up-to-date engineering 
can be important to you! 


* LOW FRICTION 
* ELIMINATE BINDING AND CHATTER 
* SOLVES SLIDING LUBRICATION PROBLEMS 
* LASTING ALIGNMENT 
* LOW MAINTENANCE 
* LONG LIFE 


THOMSON INDUSTRIES, INC. 
| Dept. E SMe: Web: th) aw ae a ae 40). 7 4 


PROGRESSIVE MANUFACTURERS USE BALL BUSHINGS — 
A MAJOR IMPROVEMENT AT A MINOR COST 


individual, gains. They may kcve 
social, cultural, or humanitarian ob- 
jectives, or a combination of all three, 

Failure of the engineer and scien- 
tist to participate in community af- 
fairs has been established statistic- 
ally. The figures give evidence that 
among several hundred thousand in- 
dividuals in the United States, edu- 
cated in one way or another to practice 
engineering, only a negligible percent- 
age interest themselves in public af- 
fairs. 


Distaste for Politics No Excuse 


We engineers seem to utilize our 
distaste for politics as an excuse for 
laying off on all types of community 
service. What we are prone to de- 
nounce as politics is of course only 
one phase of community life, even if 
it is one of the most important. 
Through its local, state, national and 
international constituent parts, gov- 
ernment—or politics—is the _ struc- 
ture by which our whole civilization 
is supported. It is impossible to con- 
ceive of either science or engineer- 
ing without this bedrock of human 
society. Without government there 
could be no engineering as we prac- 
tice it. Do not let us fool ourselves. 
We do not in reality stand aloof from 
government, no matter how we try. 
On the contrary, the closer we can 
make the tie-in between government 
and engineering, the greater will be 
the profession’s opportunity for serv- 
ice. 

Our dislike for war does not keep 
us from accepting our respective as- 
signments when war becomes a neces- 
sity. So our dislike for the ethically 
nether side of partisan politics is 
not a sufficient excuse for refraining, 
as most of us do, from all manner 
of community service. We engineers 
must build our own place in society. 
Qualifying as a reasonably good citi- 
zen will, of course, require only 4 
fraction of the time, thought and 
energy which go into the making of 
a good engineer. So the frequently 
used excuse of lack of time has little 
validity. 

There are many ways in which an 
interested citizen may make his in- 
fluence felt without entering the 
political arena or running for office. 
Jefferson cited as constituting the 
essence of a republic a synthesis of 
“action by the citizens in person in 
affairs within their reach and com- 
petence, and in all others, by rep- 
resentatives chosen immediately, and 
removable by themselves.” 

It has always seemed to me a mis- 
take to urge adult engineers to enter 
politics in view of the fact that few 
of them have had the seasoning fit- 
ting them for such an exacting and 
specialized calling. The best train- 
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Look at this difference in 


MACHINING COSTS 








SAE 52100 ball bear- 
ing raceway about 2” 
O.D., %" wall and 
5s” wide. 


These startling figures were developed from: actual cost 
records. The difference of 1.9¢ per part is the result of two 
important Rockrite advantages: 


SMALLER MACHINING ALLOWANCE — That’s because 
Rockrite Tubing is sized by a distinctively different process 
to much closer tolerances than are practical by any other 
method. 


BETTER MACHINABILITY OF METAL — Because Rockrite 
Tubing is sized by cold-compression; has a denser, more 
uniform microstructure, better work surfaces — permitting 
higher cutting speeds and feeds. In this case machine out- 
put is some 60% higher. 


The extra cost of Rockrite stock is only six-tenths of a cent 
er piece, and the costs shown above do not include savings 
in handling, coolant, rejects or magazine stocking. 


Do you know the 3 requirements essential for tube 
accuracy and cost savings? New Bulletin R2 tells 
you ... gives all the facts on close-tolerance Rock- 
rite Tubing. Send for your copy today. 
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TUBING 











Leads all others 
in these savings 


Higher cutting speeds 


Tools last longer between 
grinds 


Work-surface finishes are 
better 


Machined parts have closer 
tolerances 


Stations on automatics are 
often released for additional 
operations 


> Extra-long pieces available— 


less downtime for magazine 
stocking and fewer scrap ends 


Closer tolerances often elimi- 
nate necessity for machining 
on outside or inside 


TR-116 


TUBE REDUCING CORPORATION ° WALLINGTON, NEW JERSEY 
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FRACTIONAL HORSE POWER 


Syne GSepora lion 


STERLING, ILLINOIS 


30| 


MILLER ST. 


INTERNAL, 
HELICAL, SPUR 
ELLIPTICAL, BEVEL 
and WORM GEARS. 


WORMS, RATCHETS 
and SPROCKETS. 


PRECISION 
WITH 
VOLUME PRODUCTION 


Send for Bulletin 












































PORTRAIT OF A PROFIT 























For greater profits, use Sterling Slo-Speed Electric Power Drives 


PLANTS: NEW YORK 51, LOS ANGELES 22, HAMILTON, CANADA—OFFICES IN PRINCIPAL CITIES 


ULL 


ELECTRIC MOTORS 


Write for Bulletin 












ing for politics is in the less spe. 
cialized give and take of the garden 
variety of community affairs. And 
in such matters we should mix as citi. 
zens rather than as engineers. In the 
primary discussion of community af. 
fairs there is no demand for men 
with professional training. Balanced 
and sympathetic judgment is wanted 
whether it comes from the high or 
low, from the formally educated or 
uneducated. In the councils of the 
peop!e we do well to try to forget 
that we are engineers. If something 
comes up where our specialized train. 
ing is useful, let us utilize the op- 
portunity. But we should not wait to 
be called. 















No Place for Hypercritic 


Granted that there are quite a 
limited number of engineers so 
equipped and conditioned as to be 
able to serve society well by holding 
public office, there is little warrant 
for the quite undiscriminating, and at 
times illiterate, attitude toward po- 
litics and politicians that is gen- 
erally entertained by our group. If 
the profession of engineering is to 
play its full role in the new world 
already in formation, we must aban- 
con what is now almost our universal 
hypercritical attitude toward gov- 
ernment and the personnel and agen- 
cies through which it expresses it- 
self. We are associated, of course, 
in this attitude by a large sector of 
the business world. We must learn 
neither to despise nor even to feel 
apart from this important segment 
of our common life. This must never, 
of course, excuse being a party to 
the illicit or the venal. Nor should 
it act as a bar to rating critically the 
individuals in public service. But it 
does means establishing at all levels 
an always available bridge of under- 
standing and co-operation between 
engineering and politics, two great 
and constructive agencies of modern 
society. A great good both to the 
people at large and to our profession 
would be effected through such 4 
seemingly logical readjustment of our 
relations with the political life of the 
nation. 

To carry out the dream of a great 
democratic state, which is the only 
possible long-time answer to total- 
itarianism in its various forms, will 
require that the ideal of public serv 
ice be nurtured at every age—through 
earliest childhood, schoo] and cdl- 
lege days, and on through post-graé- 
uate and adult life. It should be 4 
continuous process of community 
service in action—From a paper bY 
Morris Llewellyn Cooke, consulting 
engineer in management, presented at 
the ASEE Annual Meeting, June 21, 
1950, in Seattle, Wash. 
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THIS CASTING 
SAVED $12,000.00" 




























Why an Electrode Holder, redesigned by 
National Bearing Division, lasted 
over 73 times longer 


A large Midwest plant was getting 5 days service from 
furnace electrode holders . . . before a trial order was 
placed with National Bearing Division. This plant 
saved dollars—right from the start. A special copper 
alloy permitted sound, dense castings at no sacrifice 
in electrical conductivity. Result? 30 days service—in- 
stead of 5—before replacement. 

On the next order, National Bearing Division engi- 
neers submitted a new design for the clamp—for 
greater strength and resistance to cracking. The re- 
designed electrode holders are still in use—after a year 
of trouble-free operation! They’ve saved $12,000.00 
on replacement costs and furnace maintenance. 


Better, longer-lasting non-ferrous parts 
can save money in your plant or product... 


National Bearing Division has complete facilities for 
finding practical, economical solutions to non-ferrous 
bearing and casting problems. Investigate these com- 
plete facilities—whether your problem requires de- 
signed engineering service, or production of non- 
ferrous parts to your own specifications. 


N 







. 





AMERICAN 


NATIONAL BEARING DIVISION 


COMPANY 4931 Manchester Avenue « St. Louis 10, Mo. 


PLANTS IN: ST. LOUIS, MO. *« MEADVILLE, PA, ¢ NILES, OHIO e¢ PORTSMOUTH, VA. « ST. PAUL, MINN. ¢ CHICAGO, ILL. 
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MICROMETER KNOBS 
for ON-OFF SETTINGS 


MULTIFLEX 





pseet recta 














CLOSES OR OPENS ONE OR MORE 
CIRCUITS DURING A TIME INTER: 
VAL STARTED BY A PUSHBUTTON, 
LIMIT SWITCH, ETC. 


o- coeae |_| 
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Used where any electrically-energized devices are to be 
operated in a timed sequence. Driven by synchronous motor 


with sealed-in lubrication. Solenoid-operated clutch with 
spring reset. 








Bulletin 260 
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INTERVAL 


AN EAGLE 
TIMER FOR 
EVERY TIMING 
PROBLEM! 






























Zine Gears Mass production of fine gears is an accom- 


MADE TO ORDER: plishment that requires the ultimate in manufac- 
turing facilities and experience. And it's all here 











SPIRAL, BEVEL at Fairfield — metallurgical departments, batteries 

STRAIGHT BEVEL of the most modern machines, complete heat 

HYPOID treating equipment, all operated by skilled crafts- 

. men producing truly fine gears. Here is 30 years 

HERRINGBONE of experience translated into the gear-making 

HELICAL “know-how” that is essential to manufacturing 
DIFFERENTIALS high quality, dependable gears. 

SPUR Our facilities are complete for producing gears 

e for a wide variety of applications. Why not con- 


WORMS AND 


WORM GEARS sult Fairfield on your next gear problem? Your 


inquiry will receive prompt attention. 


FAIRFIELD MANUFACTURING CO. 


311 SO. EARL AVE. LAFAYETTE, INDIANA 
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And the Companies Behind Them 


Manufacturing 


AUTOMATIC INDEX MACHINE: For mul- 
tiple drilling, reaming, tapping, 
counterboring or spotfacing opera- 
tions. Incorporates three Miillhol- 
land automatic units having 114-hp 
capacity and 2%%-in. stroke. Part 
held in air-operated chuck mounted 
on automatic indexing spindle, Pro- 
duction rate on parts requiring 12 
holes around periphery and 24 holes 
in flange end, 150 to 320 pieces 
per hour. W. K. Millholland Machin- 
ery Co., Indianapolis, Ind. 


PUNCH PRESS: Hand-operated turret 
model for piercing, embossing or 
forming parts in lots of 500 or less. 
Press has 13-in. throat, weighs 600 
lb. Any one of 12 punch and die 
sets can be brought under ram by 
moving index handle. Capacity, 10 
ton; max punch size, 1%-in. with 
%-in. mild steel. Diamond Machine 
Tool Co., Los Angeles, Calif. 


ARC WELDERS: Transformer type ac 
units have no moving parts. Elec- 
trically adjustable reactor elimi- 
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nates hand-crank setting of weld- 
ing current. Model TSP-204-C with 
power factor correction rated 200 
amp at 30 v; Model TSP-182-C 
with power factor correction and 
limited input for operation on REA 
lines rated 180 amp at 25 v. Hand 
wheel switch controls five main 
welding current taps. Rheostat con- 
trol knob regulates dc to reactor 
to give 100 fine welding current 
settings for each tap. Hobart Broth 
ers Co., Troy, O. 


PUNCH PRESS: Capacity, 7% tons 
Shut height (ram up to bed) it 
creased to 9 in. Ram equipped with 
1 9/16-in. diameter shank hole, Fur- 
nished with standard 1%-in. stroke 
with special strokes to 24%4-in. avail 
able. Bolster plate measures 8 by 
11 in.; bed equipped with 4 by 5-in 
hole for bottom ejection. Press cal 
be single-tripped or operated col 
tinuously. Benchmaster Manufac- 
turing Co., Los Angeles, Calif. 


LATHE: Model LS semiautomatic low 
swing lathe retains features of spe 
cial machine used for turning gw 
tubes and high explosive shells 
Front turning carriage now 
equipped with two or more ind 
vidually-controlled, power-operated, 
cross slides. Tool cutting pressures 
taken on rolls in contact with cross 








feed cam. Includes cam-feed back} 
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WHEN TO USE 





Heavy thrust or combined loads that have to be engi- 
neered into space too small for large diameter single row 
bearings are applications for compact Federal Double 
Row Radial-Thrust Ball Bearings. 

Equal load distribution on each row of balls is in- 
sured by accurate alignment of both races—ground in a 
single setting for absolute concentricity and alignment to 
each other and to the bore. 
radial 


Double angular contact takes the heavy 


“Bloads as well as heavy thrust loads in either direction. 
For maximum rigidity and minimum deflection under all 
conditions of load, they may be preloaded in assembly if 
desired. 

Our Catalog “K” describes all types of Federal Double 
Row Radial-Thrust Ball Bearings as well as companion 


DOUBLE ROW RADIAL-THRUST BALL BEARINGS 





series of double row radial bearings—shielded and 


sealed. Ball bearing selection charts among the 100 
pages of engineering data will help you compute bear- 
ing loads, determine capacities at every speed, and se- 
lect the type and size best suited to your application— 
from one of the most complete ball bearing lines. This 
260-page book is yours for the asking. Write for a copy 
today. 

Also write for a copy of our latest Ball Bearing Con- 
version Tables which contain complete up-to-date inter- 
change information. 


THE FEDERAL BEARINGS CO., INC. - POUGHKEEPSIE, NEW YORK 
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ONE OF AMERICA’S LEADING BALL BEARING MANUFACTURERS 
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ever consider 
carbon 


FOR HIGHLY 
COMPETITIVE PARTS? 


Very often, use of an alternate material 
results in marked improvements in the 
quality of redesigned parts...plus reduc- 
tion in material and production costs. 


In many cases, carbon and graphite 
bring advantages unobtainable with 
any other material. Carbon and graph- 
ite have outstanding combinations of 
properties: low or high heat transfer 
... electrical conductivity ... not wet 
by molten metal . . . excellent resis- 
tance to corrosion and thermal shock. 
They fabricate easily . . . may be 
molded, machined or extruded. 


Carbon and graphite components may 
be the solution to your problem of 
meeting growing competition...maydo 
much to increase customer acceptance. 
To consult a Speer Engineer places 
you under no obligation ... may bea 
step toward more profitable operation. 
Why not get in touch with him...now? 


Sater 


CARBON COMPANY 
ST. MARYS, PENNA. 








squaring attachments, adjustable 
stop for positioning carriage in re- 
lation to starting point of cut, and 
automatic tool relief at end of cut. 
Seneca Falls Machine Co., Seneca 
Falls, N. Y. 


PUNCH: Hand-operated Model No. 2 
has 12%4-in. throat depth. For short- 
run blanking, drawing, embossing, 
and forming operations. Can per- 
forate holes to 4-in. diameter. Force 
applied to ram through roller bear- 
ing cam. Triangular shaped ram 
cannot twist, maintains accurate 
position of punch head, Dimensions 
of bed; 6 by 7% in. Net weight, 
350 Ib. O’Neil-Irwin Manufacturing 
Co., Lake City, Minn. 


DRILLING AND ‘TAPPING MACHINE: 
Semiautomatic unit for drilling and 
tapping radial holes in circular 
parts such as wheels, rims, etc. 
Machine includes one Govro-Nelson 
drilling unit and one tapping unit 
mounted on table according to num- 
ber and spacing of required holes. 
On hand-indexed model, interlock 
prevents indexing of part until spin- 
dles are withdrawn, and vice versa. 
Govro-Nelson Co., Detroit, Mich. 


SHEET BUFFING MACHINE: New 48- 
in. wide openside oscillating type 
machine for heavy-duty production 
finishing of ferrous and nonferrous 
Sheets. Has hydraulic table and 


power elevating and lowering head 
for 18-in. diameter buff or brush 
roll. Oscillating mechanism poy. 
ered by 3-hp motor, has _ stroke 
variation from % to 2 in., range 
of 50 to 150 cycles per minute 
Main spindle powered by 50 to 100 
hp motor, Machine built in tablk 
widths to 72 in. and table length 
to 8 ft. Hill Acme Co., Cleveland, 0; 


WELDING TRANSFORMER: Model 400E 
rated 400 amp at 60 per cent duty 
cycle, with welding range of 70 ty 
585 amp. Unit retains full 75 volt 
open-circuit voltage. Fan motor ané 
capacitors accessible through front 
of machine. A. O. Smith Corp., Mil 
waukee, Wis. 


CORE GRINDER: Uses 48-in. diameter 
round table mounted on _ sealej 
roller bearings. Table rotated man. 
ually or by adjustable speed re 
ducer powered by 1-hp_ motor 
Counterbalanced sliding head car. 
ries %-hp motor powering griné 
ing wheel. Head adjusts vertically, 
Standard Pattern Works, Detroit 


TURRET PUNCH PRESS: for high-spee( 
piercing of electrical panels, radiy 
and television chassis, switchboards, 
etc. Combines pantograph for rapid 
hole location with turret for quick 
access to punches and dies. Turre 
carries 16 to 20 different punche 
and dies, handwheel rotates tur 








... for FAST SERVICE on All Types of 
MEDIUM AND SMALL SIZE GEARS 


Many members of the Mass Gear organ- 
ization have been with the company since 
its founding twenty-eight years ago. They 
have grown up with “Mass Gear”... . 
- in planning, producing, inspecting 
and shipping. 
Their long-experience “know-how” has 
been concentrated on the interpretation 





of customer requirements and in meet- 
ing them intelligently and promptly. 


If you have a gear problem, let Mass 
Gear help you. Write for a free cata- 
log to Massachusetts Gear and Tool 
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Company, Woburn, Mass. 
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ERE is a cutaway illustration and 
typical application of the “U-TS” type 
Hyatt Hy-Load straight cylindrical bearing 
which has rollers, separator and races 
assembled into a single non-separable unit. 
The inner race has flanges and the outer 
race is grooved at both ends to accommo- 
date retainment rings. The rollers are sep- 
arated and spaced by a one-piece separator. 
The “U-TS” type bearing is often em- 


ployed in applications where no shoulder 


or stop is provided to retain the outer race 
in an axial direction or where the bearing 
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must be assembled as a unit. 

Separable inner race, separable outer 
race and complete unit Hy-Load Bearings 
are available with varying combinations of 
retainment rings and flanges to fit a wide 
range of application requirements. 

& * 2 
Full information about all Hyatt Hy-Load 
Roller Bearings is contained in Catalog 547 
.--a complete engineering guide to radial 
bearing selection and use. Hyatt Bearings 
Division, General Motors Corporation, 


Harrison, New Jersey. 





on parts 


made to 


o 


your specifications 


by 
TORRINGTON 


You save time and money when you 
rely on our high productive capacity 
and special equipment to turn out 
precision parts to your order. 

Typical are surgical and dental in- 
struments, pen and pencil barrels, sol- 
dering iron cases, etc. Medium wall 
tubing up to 24” O.D. and solid steel 
O15” to %” diameter handled. 

We are also set up to make such 
parts as special rollers, shafts, studs, 
dowel pins, special needles, instru- 
ment shafts and pivots, screw driver 
and ice pick blades, knurled mandrels 
and spindles, etc. 

Send your prints and specifications 
today for prompt quotation. 


THE TORRINGTON COMPANY 


Specialty Department 
553 Field Street * Torrington, Conn. 


Makers of 


TORRINGTON 4/£0// nos 


| SPINDLE STAND: 


ret to any punching set in two 
seconds. Press handles sheets to 
28 by 40 in., has 11/16-in. stroke, 
175 per minute. Capacity, 15 tons. 
Unit is powered by 1-hp, 3450-rpm 
motor. Wiedemann Machine Co., 
Philadelphia, Pa, 

LATHE: General purpose Model No. 1 
in 12 by 30, 12 by 42 and 12 by 54- 
in. sizes, all with 14%-in. max 
swing over ways. Spindle driven by 
five V belts, with single-lever belt 
shifter for speed selection from 
four-step cones mounted on 3-hp 
reversing motor and on jack shaft. 
Spindle speed range, 30 to 1142 
rpm. Includes 36 selections for 
threading, from 1% to 80, and 36 
selections for feeds, from 0.0031-in. 
to 0.1666-in. Hendey Machine Co., 
Torrington, Conn, 


| ALKYD PRESS: Fully automatic, high- 


speed unit requires only electrical 
connection and shop air source. 
Features of 15-ton hydraulic press 
include rapid opening and closing 
speeds of 400 in. per minute and 
automatic cycling. Automatic feed- 
ers standardized in 2, 4, 6, and 8- 
cavity models, with others avail- 
able. Test run produced 345 parts 
per hour from three-cavity setup 
using alkyd. Material measured and 
fed into cavities automatically. No 
preheat or preforming necessary. 
Baker Brothers Inc., Toledo, O. 

For finishing and 
polishing work to be pushed across 
table by hand or -power feed. Mo- 
tor and polishing spindle adjust- 
able through 180 degrees, with 20- 
in. vertical adjustment and 5-in. 
longitudinal adjustment on spindle. 
With or without table. Vonnegut 
Moulder Corp., Indianapolis, Ind. 


| MACHINE VISE: Uses large diameter 


air cylinder for clamping action. 
Stroke of standard model, 1% in.; 
6-in. stroke available for pressing, 
shaping, etc. Model 811 has 8%-in. 
wide jaws opening to max of 11 
in, Jaws open and close quickly 
without hammer effect. Van Prod- 
ucts Co., Erie, Pa. 


| BENDING PRESS: Capacity, 300 tons. 


For blanking clutch rings, clutch 
gear teeth and special flat blanking 
operations. Designed for two-man 
operation. Has air-electric clutch 
control and four-position stroke 
speed selector. Both of two sets of 
control buttons must be depressed 
to start stroke. Press speed 25 
strokes per minute; shut height, 
14 in.; throat depth, 19 in.; bed 
front to back, 3 ft; distance be- 
tween tie rods, 4 ft. The Cleveland 
Crane & Engineering Co., Wickliffe, 
oO. 

TUBE BENDERS: Gear type hand oper- 
ated units for copper, brass, alumi- 
num or steel tube, including Bundy 
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Put the Cuno MICRO-KLEAN filter on 
almost any kind of a diet . . . and it 
will stay healthy longer than any 
micronic filter you know of. 
Handling a wide range of fluids 
at a wide range of flow rates... the 
MICRO-KLEAN won’t shrink or swell 
or channel. So there’s no place for 
the fluid to go except where it’s sup- 
posed to. . . through the cartridge. 





Its dirt capacity is double that 
of any comparable filter—so its life 
is that much longer. 

Finally, you can install it—inside 
or outside your equipment— with no 
trouble at all, because it takes up 
less space. 

Check the box nearby for an ex- 
planation of MICRO-KLEAN’s exclu- 
sive performance. 


EXPLANATION 


Why won’t MICRO-KLEAN shrink or swell 
or channel? 

Because the fiber structure is resinous-impreg- 
nated and polymerized, and resists any deteri- 
orating effects of most fluids and contami- 
nants. 

Why does MICRO-KLEAN have double dirt 
capacity? 

Because exclusive ‘‘graded density in depth” 
permits smaller particles to penetrate to vary- 
ing depths—no surface-loading. 

Why does MICRO-KLEAN take up less space? 
Because the cartridge is all filter—no struc- 
tural elements, no cans, bags, springs, inserts. 






Full-flow filtration needs much less room. 


Also important: pressure drop is low . . . cartridge 
changing is easy . . . and CUNO MICRO-KLEAN 
IS GUARANTEED TO REMOVE AIL SOLIDS 
LARGER THAN SPECIFIED . . . PLUS A LARGE 
PROPORTION DOWN TO I MICRON! 


Wide range of applications 

Cuno MICRO-KLEAN filters come in varying 
densities (10, 25, 50 microns) . . . capacities 
from a few to more than 800 gpm. . . connec- 
tions from % in. IPS to 6 in. flanged . . . single 
or multiple cartridge units. 


eps its Shape.. 
no matter how much it 


eats and drinks 
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COMPLETE LINE 


Wluid Conditioning 


Removes More Sizes of Solids 
from More Types of Fivids 


MICRONIC Micro-Klean ¢ DISC-TYPE Auto-Klean 
WIRE-WOUND Fio-Klean 
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CUNO ENGINEERING CORPORATION 
2013 South Vine St., Meriden, Conn. ’ 


Please send information on Cuno MICRO-KLEAN for 
services checked. 


Make Sure to Investigate 
MICRO-KLEAN First 


(C0 Lubricating Oil 

C0 Hydraulic Oil Name....... 
(C0 Water and Water Solutions Company.... 
vtngpapiaina Address..... 
CO Fuel Oil 

C0 Acids Cc ccccneve 


BATTERY and thin-wall conduit. Sizes from 
%-in, to 1%-in. OD tube, nominal INTERESTED 
tube sizes %-in. to 1 in. Bends can 
CHARGER-TESTER be made to any angle to 180 de- 
grees. Bender will operate at any 9 
point on tube without disassembly. 
The Imperial Brass Manufacturing s 
Co., Chicago, Il. o 
Power Plant Equipment this brand new “how- 
DIESEL ELECTRIC GENERATORS: Sixty- | to-do-it” book of tech- 
cycle units in 40, 50, 60, 75, 100, 125, : 
200, and 250 kw range. Also for 50- | nical data will help you 
cycle operation at slight kw derat- determine the RIGHT 
ing. Designed for continuous serv- | plastic material, the 
ice; at full generator load, engines RIGHT mold design 


deliver 68 to 76 per cent of power 
available at that speed. Optionals | and theRIGHT fab- 


include automatic overspeed shut | 

















TIMED BY 


ct te® down, high temperature and low at = 
lub oil pressure shut down, hy- | te e your 
TYPE IG P oa oe 


draulic governor and water-cooled 


plastics prob- 
INTERVAL exhaust manifold. Cummins Engine 


TIMER Co. Inc., Columbus, Ind. lem. 


Testing and Inspection 


me en RN ye UNIVERSAL TESTING MACHINE: New : 

tt ~ ter, t P — 

the Sharquette Mansiachating Co. te electronic null system attachment | “Plastics in Engineering” by John Delmonte 
widely used by service stations and provides standard testers with ex- | ts not an os — pre Sa ye 
gorages, by fleet owners and car deal - x : working “tool” for everyday reference by 
ers. At the touch of a button, 20 second tra-low test ranges. Permits 600,000 jag engineers and users of plastics. 

test shows true battery condition, gives Ib machine with secondary range of | Written in the language of men who use 
complete analysis, and indicates exact 10,000 Ib to have extra-low range plastics in design and production, “Plastics in 


charging time. Completely automatic, of 1000 Ib, in 2 Ib increments. Null 


the Charger-Tester is equipped with a Engineering” is one of the most valuable addi- 


Cramer Type 1G Interval Timer that system has only three moving | tions you can make to your technical library. 
provides up to 60 minutes of controlled : : You'll find it a veritable gold mine of i. 
charging, has “hold position” for over- ere recsives signals om I neering data on methods of ieisteniion the of 
night er tow changing. — -  aeriaaagpreta develop ed in cyl- vantages and limitations of various materials 

Cramer Type IG Interval Timers are inder. Tinius Olsen Testing Machine | and the chemical and physical characteristics | 
designed for a wide range of built-in Co., Willow Grove, Pa. | of plastics. 


es . oot 
Mee 0 een sty PHOTOMICROGRAPHIC APPARATUS: For You'll have scores of up-to-the-minute facts 





hair waving | dry dryers, e = 
therapeutic ninchines, extractors, photomicrography, photomac- | about = — at ae ee a 
ovens — wherever precision timing : on strong various plastics are—for what uses 
control is required for convenience of reiaditied hy, ’ microprojection, labora- are best suited—how to design plastic parts— 
operation, faster production. mainte - tory, clinical and general photo- | how these remarkable synthetic materials are 
nance of quality. The Type IG Timer graphy, photocopying, etc. Com- | molded, extruded, laminated, cast—how much 


shown below, can also be furnished 
with a manual starting button (option- 
al). For detailed information, write 
for Bulletin 130A. 





heat they will stand—how to guard against fail- 
vre—how to machine plastics and other vital 
factors that are so essential to satisfactory 
plastics performance. 

Over six-hundred pages, fully illustrated with 
photographs, detailed drawings and tables, 
cover every phase of the plastics industry frem 
raw material to finished product. From its first 
chapter which dips into the intriguing history 
and development of the plastics industry, to the 
last chapter which reveals the primary cost foc 
tors in producing plastics, it covers its field 
theroughly and authentically. 


PLASTICS IN ENGINEERING 


prised on three basic units: Base 
with light source, self-aligning reflex 
camera with precision focusing de- 
vice and automatic Rapax shutter, 
and vertical column assembly with 
counterbalanced elevating device 
for camera. Silge & Kuhn, San 
Francisco, Calif. 

INDICATING BENCH MICROMETER: For 
wire manufacturing or where small 
parts require accurate measure- 
ment. Usable in three ways: for 





measuring from zero to %-in, in | (Completely Revised Third Edition) 
i i by John Delmonte 

tenths directly from micrometer Technical Director, Plastic industries’ 

thimble; as comparator, with read- | Technical Institute 


PROBLEM 
TIMING PRO ? ings in tenths from dial gage; and 


If the performance of your pro- for measuring in tenths directly 
duct depends on precision timing, from dial gage with micrometer | THE PENTON PUBLISHING COMPANY, MD-6-50 
send us full particulars about your 
application. In developing a 


SEND FOR YOUR COPY TODAY 








set at nearest 0.001-in. Adjustable | Sgek Depertment sas, Obie 





range of devices — Time Delay measuring pressure from 8 oz to Goat me a copy of “Plastics in Engineering” by 

Relays, Interval Timers, Percent- 2 Ib. Brown & Sharpe Mfg. Co., Delmonte. 

age Timers, Running Time Meters, Providence, R. I. P fg | 0 On on, oo trial yay A ee re 

Synchronous Motors — for a great , which - — te goed contilion 

variety of commercial and indus- Woodworking 4 ee am 

trial timing duties, we have had POWER SAW: Radial arm type saws | 5 Seaitieen contact? tn wid cane he bola 

wide experience in the design of equipped with %4-hp motor. Cuts Ge tent eectetd. 

a. ond wil aie ae 2-in, thick material, cross cuts 12-in. | SIGNED: ............----...+-- WR: .....c0en 

opportunity to assist in solving wide and rips to center of 43-in. | COMPANY: ............-.-.eeeeeeeeeeererene 

your problem. panel. Saw, table and table base | ADDRESS: ..............2..0cceeeeeeeeeeee eee 
removable from pressed steel cab- | em: ................-.-. ZONE ....STATE .. 


THE R. W. CRAMER COMPANY, INC. 


BOX 6, CENTERBROOK * CONN. state sales tax. 


inet. Total weight, 115 lb. DeWalt | *On orders for delivery in Ohio please add 30c to cow 
Inc., Lancaster, Pa. _— 
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